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Us er 1 s  Guide 

7h is  bibliography  has  been  prepared  to  serve  as  a  quick  reference 
source  lor  materials  available  in  the  areas  of  economic  and  cost  analy¬ 
sis.  Entries  are  arranged  in  alphabetical  order  by  title.  Additions 
will  be  Inserted  in  order  and  page  indicators  assigned  alphabetically 
(lor  examples  9(  9u  ,  9I>,  10).  This  will  allow  additions  to  be  made  ns 
move  materials  are  published,  Entries  are  organir.ed  in  the  following 

formats  title  (and  Hubtitle) 

author (e ) 

place  of  publication,  publisher,  yeer  of  publication, 
number  of  pages 
reference  numbers 

abstract,  nummary,  or  brief  description 
breakdown  by  chapters  or  divisions 

The  reference  numbers  Include,  wherever  possible,  the  Al)  number,,  to  la- 
cilltaio  ordering  the  doc  mimt.  from  the  Defense  Documentation  Confer. 

'll i«  breakdown  by  eh np tern  W”it  used  to  allow  quick  referencing  of  this  to¬ 
pics  covered  in  ."l.o  work,  indexes  ate  indicated  to  allow  a  more  detailed 
search  lor  specific  I  i.omn  ui  Interest. 

the  Index  ,u  the  end  ol.  t.hu  bibliography  gives  entries,  by  |.«ge  num¬ 
ber,  of  some  ol  the  most  frequently  rel erenced  topics. 
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Instructions  for  Ordering  Publications 


When  available,  the  Office  of  the  Director  of  Cost  Anslysis 
makes  an  initial  distribution  of  new  Economic  and  Cost  Analysis 
publications  which  are  sponsored  by  the  Office  of  the  Assistant 
Secretary  of  Defense  or  Department  of  the  Army.  The  Director  of 
Cost  Analysis  does  not  stock  extra  copies  of  these  publications 
after  the  initial  di  str ibutii'n  has  been  completed.  Many  of  the 
publications  described  in  the  attached  bibliography  may  be  ordered 
from  the  Defense  Documentation  Center  (DOC),  Cameron  Station, 
Alexandria,  Virginia  22J1A,  When  ordering  from  DDC,  cite  appro¬ 
priate  AD  number  if  available,  and  include  appropriate  payment. 

The  service  charge  fjr  most  of  the  current  publlcat ions  stocked 
at  DDC  is  $3.00. 

This  bibliography  was  prepared  primarily  for  reference  purposes 
and  it  Is  not  intended  or  implied  that  every  .Economic  and  Cost 
Analysis  Office  uhnuld  have  access  to  all  of  the  publications  listed. 
The  following  publications  are  endorsed  by  the  Director  of  Cost 
Analysis,  Office  of  the  Comptroller  of  the  Armyi 

Cost  Considerations  in  Systems  Analysis 

Fisher,  Gene  II,  (Hand  Corporation)  (Page  27)  (Note  1) 

Costing  Methodology  Handbook 

Directorate  of  Cost  Analysis,  Comptroller  of  the  Army 

(Page  A3)  (Note  2) 

Culdobook  for  .Systems  Analyais/Cost  Effectiveness 

AH  INC  Research  Corporation  (Page  HO)  (Note  3) 

An  Introduction  to  Equipment  Cost  Estimating 

Hatchelder,  C.A.  (  H,E.  Borevti  II. G.  Campbell i  J.A.  Dei  Roseli 
Large  (Hand  Corporation)  (Page  *)9)  (Note  A) 


Note  1:  Initial  distribution  has  been  completed.  Publication  la 
not  available  at  DDC.  Authorised  Government  Agencies 
nary  obtain  publication  from  RAND  Corporation.  Textbook 
may  also  be  purchased  from  the  American  Elsevier 
Publishing  Company.  Inc,  ,\il  Vanderbilt  Ave,  New  York, 
f.Y.  10017. 

Note  2i  Initial  d  I  Ml.  r  I  but I  on  ban  been  completed,  Publication  is 
available  at  DDC. 


Note  3:  Publication  Is  available  at  DDC.  Publication  is  also 
available  as  AMC  Pamphlet  AMCP  706-191,  entitled! 
"Engineering  Design  Handbook  -  System  Analysis  and 
Cost-Effectiveness",  April  1971. 

Note  Ai  Available  from  RAND  Corporation  or  from  DDC.  It  is 

planned  to  update  this  document  and  republish  it  in 
loose-leaf  form.  Initial  distribution  will  be  made 
when  it  la  received. 


Analysis  for  Financial  Decisions 
Beranek,  William 

Homewood,  Richard  D.  Irwin,  1963,  480  p, 


The  objective  of  this  book  is  to  provide  the  student  with  a  basic 
framework  for  the  systematic  analysis  of  financial  problems.  To 
this  end,  we  seek  (a)  to  set  forth  the  central  i sauna  involved  in 
the  fundamental  problem  areas  oi  financial  administration,  and  (b) 

to  develop  tools,  techniques,  and  insights  which  are  relevant  and 
useful  for  solving  these  problems. 

I.  Introduction. 

II.  Goals,  Decisions,  and  Models. 

III.  Rationing  of  Resources!  Single-Period,  Single-Product  Projects. 

IV.  Rationing  of  Resources!  Two-Product:  Projects. 

V.  Rationing  of  Resources!  Multiple  Periods, 

VI.  Multiple  Period  Projects!  Risk  end  Uncertainty. 

VII.  Supply  of  Resources. 

VIII.  Long-Term  Financing  and  Maximising  the  Market  Value  of  Common 

Stock. 

IX.  Capital.  Rtructuie  and  Riak. 

X.  Receivables  and  Credit  Policy. 

XI.  The  Cash  ftalnnce. 

XII.  Simulation. 

XIII.  Linear  Programming  and  the  Simplex  Method. 

XIV.  Multiperiod  Analysis  and  Linear  Programming. 

Appindlx  A.  Cumulative  Normal  Distribution. 

Appendix  1).  Table  of  Random  Numbers. 
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Analysis  for  Military  Decisions 
Quade,  E.8,  Editor 


M 


Santa  Monica,  The  Rand  Corporation,  1964,  382  p. 
Rand  No.  R-387-PR.  AD  453  867. 


A  report  prepared  for  United  States  Air  Force  Project  Rand;  Concerned 
with  the  or  In  in  and  development  of  the  systems  analysis  approach  and 
its  relation  to  national  security  planning,  the  elements  and  methods 

common  to  alt  systems  analyses,  and  special  aspects.  Part  It 
orientation  (chapters  1-3)  |  Part  2t  elements  and  methods  (chapters  4-B)| 
Part  3i  special  aspects  (chapters  9-16)j  Part  4i  summary  (chapter  17), 

I.  Introduction  (F..S,  Quade). 

II.  Analysis  for  Air  Force  Decisions  ((,'.  J.  Hitch). 

III.  The  Selection  and  Use  of  Strategic  Air  Basest  A  Case  History 

(E.  S.  Quade) • 

IV.  The  Why  and  How  of  Model  Building  (H,  D.  SpechOt  relevant 

factors)  quantifiable  factors)  aggregation)  quantifying 
relations  between  elements)  model  building  ami  the  real  world) 
human  judgment. 

V.  Criteria  (R.N.  McKean). 

VI.  The  Relevance  of  Costs  (Malcolm  W,  Hoag), 

VII.  Analysis  and  Design  of  Conflicting  Systems  (Albert  Wohlstottur). 

VIII.  Methods  and  Procedures  (H.5.  Quit  da)  t  formulation)  search) 

asp Una t ion)  Interpretation. 

IX.  Technological  Const  derat  Iona  (R,  8chanberg)t  performance 

pa rame tat)  »t ats-of - the-a rt  parameters)  scaling  laws)  optima 
and  constraints!  reliability  considerations, 

X.  Assumptions  about  Knamy  Uehavlo"  (T.C.  Rebelling), 

Xi,  (laming  Methods  and  Applicat  ions  (H.(l.  Weiner). 

XII.  Htrategies  for  Development  (W.H,  Heckling). 

XI 1 t ,  Mathematics  end  Kystemu  Analysts  (K,,R.  Quad«)t  linear 

programming  i  Monte  Car  In i  theory  ol  games i  the  ciHtiptii  ar  |  fit1) 
role  of  methematics, 

XIV.  The  Use  of  Computers  (Paul  Aimer). 

XV.  Cuatlug  Methods  (O.H.  Fisher  and  the  (U«lf  oi  the  Rand  Cost 

Analysts  Department )  t  individual  aval  ana,  inveatitieiil  cost  hi 
operating  cost)  KAI)  cost,  i  total  fnrtm  at  <  nt.l.utei  Inc  r  emeu  ta  I 
costing  and  long-term  pv  ug ramming  i  mission  and  other  lavelst 
sensitivity,  timeliness,  and  vUrtlyi  uml  categories)  (tost* 
aenaiclvlly  analyalsi  pt  esentai  Ion  ol  results. 

XVt.  Pitfalls  In  .Systems  Analysis  (K.H.  ()uade)i  t  ormolu  I.  ion  |  Neatchi 
explanation)  lot  .erprel  at  Ion. 

XVII,  lint  apituUr  Ion  (K.fl.  Quads), 

Appemllk  A,  An  lnt  ruduct  Ion  to  the  l.unar  Hi  u  Pruhleiu  (K.W,  Phmsoii), 
Appendix  It.  A  Missile  Comparison  (K.ll,  Quads'. 
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An  Analytical  Estimation  of  .fyatem  Cost  Uncertainty 
Schlenker,  fiuorge 

Rock  island,  US  Army  Weapon-)  Command  (Weapons  Operations  Research 
Office),  lf'67 ,  2 A  p. 

Technical  Note  67- J. 

Abstract:  "The  method  prcposed  for  producing  a  probability  distribution 
of  system  cost  requires  that  the  system  cost  he  a  sum  of  component 
costs  each  of  which  !•:  uncertain.  These  uncertain  inputs  art  assumed 
(II  liy  beta  df  at  r  I  hut  ions ,  Hie  st.at  t  st  Ich  1  moinents  of  the  distribution 
o i  system  cost  uiu  obtuiued  from  the  moment u  ot  the  input  distribution!) 
hy  a  recursive  procedure.  'finally,  the  system  cost  distribution  is 
synthesised  from  tts  moments  ualng  orthogonal,  polynomials.  This 
method  ia  quite,  eff  icient  for  computer  operation  and  avoids  lengthy 
Monte  Carlo  runt).  An  example  is  glvon.  The  FOHTRAN  program  is  given," 

Abstract . 

Win  usury. 

An  Analytical  list imat.  1  on  of  flystem  Cost  Uncertainty. 

Typ»n  of  Beta  Distribution  Hand  in  Costing. 

An  Ms ample. 

Ilnf  erenoer.. 

Computer  1’rogroms. 


Annotated  Bibliography  of  Cent  Analysis  Research  Document n  Prepared 
by  the  Economic  end  Costing  Department 

Research  Analysis  Corporation 

McLean,  Research  Analysis  Corporation,  U>67,  13  p. 


Introduction . 

Cost  Estimating  Relations, 
Model n . 

Applications. 

Orientation  and  Guldelinna. 
Review  of  Army  Prcitico. 


Annotated  Bibliography  on  System*  Cost  Analysis 
DonVito.  P.A. 

Santa  Monica,  The  Rand  Corporat  1  on ,  1967,  00  p. 

Rand  Memorandum  RM-4048-PR.  AD  610  910. 

The  bibliography  includes  books,  pamphlets,  an, lei  papers,  and 
technical  and  research  im-'iuoranda.  Written  mat...  rials  cam  log  security 
damnification  have  not  been  included.  A  brief,  ascription  of  i. h>> 
nature  and  content  of  each  work  la  presorted..  Works  at «  listed  by 
author,  al  p>  nhetlca  11  y ,  undsr  major  ureHfc  of  in'  ^st. 

lire  lacs. 

1.  Cost,  Analysis  for  Purposes  of  Bystuir  Analysis. 

Hi  Cost  Estimating  in  Military  Planning. 

III.  Program  Budgeting, 

IV.  System  Definition. 

V.  Cost  Categoric#. 

VI.  Coat  Elements. 

VII.  Cost  Estimating  Relationships  and  Methodology, 

VIII.  Data  Requirements. 

IX.  Individual  System  Analysis. 

X.  Total  Force  Structure  and  Program  Analysis, 

XI.  Models. 

XI.1,  Uncertainty  and  Special  Problem, 


Ail  Annot  ated  Cost  Analysis  Bibliography 
Cost  Analysis  Division 

•^ort  Motnuout':,  US  Army  Electronics  Command,  1%7,  216  p. 


"’llie  purpose  of  this  publication  la  to  make  available,  to  management 
.*tul  cent-cri anted  analysts,  information  about  documents  catalogued 
In  t.hij  Coot  Analysis  Division,  Comptroller  and  Director  of  Programs, 
on  the  ..'.oin.eots  and  techniques  of  cost  analysis.  To  expedite  this 
objective,  b.iei  summaries  have  been  provided  for  each  document. 

Listed  dor.umnts  are  available  to  all  members  of  tliis  command  for 
I  'Sfiijarnh  and  reference  purposes. •' 

1.  ’/nrffcites t  numerical  listing)  alphabetical  listing)  subject 

listing  (guidelines  and  orientation,  cost  estimating  relationships, 
systems  analysis  and  cost  effectiveness,  mathematical  models 
and  applications,  tables  and  coat  data). 

I!„  Synopses. 

III.  Bibliography. 


An  Application  of  Dynamic  Programming  to  Post-Effectiveness  Studi^a 
Sacco,  William)  Palmer  Rchlegelj  John  Wortman 

Aberdeen  Proving  (.’round,  Ballistic  Research  Laboratories,  1963,  16  p 
Hit L  Report  No.  121?.  AD  42.5  743. 


Abstract i  "A  mathematical  model  has  been  developed  for  uae  In 
conducting  cost-effectiveness  studies,  wherein  the  objective  cf  the 
study  is  to  determine  alternative  families  of  fire  support  weapons 
which  will  provide  n  given  level  of  effectiveness  for  minimum  weight 
and  coat." 

Introduction. 

Statement  of  the  Problem. 

Dynamic  Programming  Formulation  of  the  Problem. 

An  Illustrative  Example. 

Discussion. 


Applied  Dynamic  Programming 

Bellman,  Richard  E.  and  Stuart  E.  Dreyfus 

Princeton,  Princeton  University  Press,  1962,  363  p. 
Rand  No.  R-352-PR. 


Summary  and  Introduction. 

I.  One-Dimensional  Allocation  Processes:  introduction;  verbal 

description  of  the  allocation  process;  construction  of  a 
mathematical  model;  discussion;  calculus;  difficulties; 
conclusion;  sensitivity  analysts;  dynamic  programing;  functional 
equations;  the  principle  of  optimality;  a  direct  derivation; 
discussion;  computational  scheme;  nonuniqueness  of  maximum; 
dynamic  programming  versus  direct  enumeration;  what  difficulties 
have  we  overcome;  flow  chart  for  general  allocation  process; 
numerical  results;  a  useful  device;  stability;  a  caiigo-loadirig 
process;  mathematical  formulation;  discussion;  recurrence 
relations;  discussion  of  computational  prdeedure;  reliability  > 
of  multicomponent  devices;  reliability  via  component  duplication; 
a  mathematical  model;  parallel  operations;  corclusion. 

II.  Multidimensional  allocation  processes:  introduction;  al’oeation 

processes  involving  two  types  of  resources;  recurrence  relations; 
allocation  processes  two  typ'ps  of  constraints;  recurrence 
'  relations;  computational  aspects;  the  flyaway  •kite  problem; 

stochastic  aspects;  dynamic  programming  approach;  computational 
procedure;  the  Lagrange  multiplier;  geometric  origin;  reduction 
in  dimensionality;  equivalence  of  variational  problems; 
pyramided  problems;  multidimensional  policy  space;  reliability 
problem;,  transportation  process;  difficult  crossing  problems. 

III.  One  Dimensional  Smoothing  and  Scheduling  Processes:  mathematical 

formulation;  functional  equations;  the  caterer  problem; 
inventory  problems. 

IV.  Optimal  Search  Techniques;  unimodal  function;  Fibonacci  numbers; 

golden  mean,  reroes  of  functions;  functional  equations;  defective 
coin  problem;  two  coin  problem. 

V.  Dynamic  Programing  and  the  Calculus  of  Variations;  i soper imetric 

problems;  necessary,  natural  boundary,  Legendre;  Weierstrass, 
transversality,  Erdmann  corner  conditions;  basic  nonlinear 
partial  differential,  Euler,  and  Hamilton-Jacobi  equations. 

VI.  Optimal  Trajectories. 

VII.  Multistage  Production  Processes  Utilizing  Complexes  of  Industries. 

VIII.  Feedback  Control  Processes. 

IX.  Computational  Results  for  Feedback  Control  Processes. 

X.  Linear  Equations  and  Quadratic  Criteria:  smoothing  problems; 

deterministic  and  stochastic  cases;  adaptive  prediction  theory. 

XI.  Markovian  Decision  Processes:  analytic  formulation;  computat  ohal 

aspects;  solution;  simulation  technique;  connection  with  linear- 
programing.  ' 
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XII.  Numerical  Analysis:  polynomial  approximations t  orthogonal 
polynomials,  gaussian  quadrature)  stability)  problems) 
extensions. 

Appendix  I.  On  a  Transcendental  Curve  (0.  Gross):  the  number  of 
Inflection  points)  a  necessary  condition  for  convexity. 

Appendix  IT..  A  New  Approach  to  the  Duality  Theory  of  Mathematical 
Programming  (Si  Dreyfus  and  M,  Freimer). 

Appendix  III.  A  Computational  Technique  Based  un  Successive 
Approximations  in  Policy  Space  (S.  Dreyfus). 

Appendix  IV.  On  a  New  Functional  Transform  In  Analysis:  the 
Maximum  Transform  (R.  Bellman  end  W.  Karuah). 

Appendix  V.  The  Rand  Johnniac  Computer  (S,  Dreyfus). 
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An  Appreciation  of  Systems  Analysis 
Hitch,  Charles 

Santa  Monica,  The  Rand  Corporation,  1955,  Revised,  25  p. 
Rand  No,  P-699. 


A  condensation  of  lectures  prepared  for  Air  Force  audiences  and 
presented  to  the  Operations  Research  Society  of  America  at  the  Los 
Angeles  meeting,  15  August  19.55. 

Introduction. 

The  Development  of  Military  Systems  Analysis!  force  composition  and 
development  decisions;  variables;  explicit  treatment  of  uncertainty; 
explicit  treatment  of  uncertainty;  explicit  treatment  of  one,ny 
reactions;  explicit  treatment  ot  time  phasing;  broadening  of  criteria. 

The  Difficulties  are  in  the  Problems. 

The  Positive  Side!  systems  versus  nonsystems;  analysis  versus 
intuition. 

Conclusion, 
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Avray  Force  Plant ing  Cost  Handbook 
Directorate  of  Cost  Analysis 

Wan  King  bon ,  Department  of  the  Army,  1971,  p. 


"The  purpose  ot  the  handbook  is  to  provide  type  forecast.  unit 
building  block  data  u  n  d  a  methodology  I'oi  force  cost  iug.  ■' 

I,  lixptanstory  Notes:  introduction!  assumptions  and  limJ  tat  Ions: 
glossary. 

lit  Basic  Planning  end  Coat  Factorai  initial  investment  j  annual 
operating)  dsacript  ivo  dakai  tablns. 

111.  Fotcn  Unit  Summary  Cos.st  division  force  e univalent  summary 
peacetime  cost. a i  force  unit  summery  peacetime  costs)  SRC 
composition  of  divisions, 

XV,  Fot;e  Unit  Building  Htcuk  Data. 


Aspects  of  Cost  and  Utility  Analysis  lri  Planning 
Bryk,  Oliver 

McLean,  Research  Analysis  Corporation  (Economics  an<)  Costing  Division) 
196.1  „  9  p . 

RAC  Paper  RAC  P-B,  At)  622  1  14. 


"In  t.lus  paper,  some  aspects  o£  planning  in  preparation  for  resource- 
allocation  decisions  among  Alternatives,  which  are  generally  made 
under  uncerta inly ,  will  be  discussed  from  the  pragmatic  viewpoint  of 
a  o  re  cl  Icing  analyst.  No  new  theory  will  ini  expounded.  We  will  be 
concerned  only  with  that  area  of  economic  unalyato  in  which  the 
Inputs  are  not  commensurable  with  the  outputs," 

Introduction, 

Input -Output,  kniai  ions. 

Quantification 
Models  and  Structure, 

1)  i.S  count  ml  and  Tima  “Phased  Cunts. 

Marginal  Utility  and  Cost. 

Marginal  Substitution, 


Background,  Development,  and  Extension  of  the  Revised  Simplex 
Method,  Orchard-Hays,  William 

Santa  Monica,  The  Rand  Corporation,  1954,  ftl  p, 

Rand  Memorandum  KM- 1433, 


This  paper  Is  a  short  but  comprehensive  discussion  of  the  development 
of  the  present  form  of  the  simplex  method. 

Fo reward, 

I.  Definitions  and  Convex  Seta:  Introduction t  convex  cones  as 

Intersections  of  hall-apaces|  convex  cones  no  the  gum  of  half- 
lines)  polyhedral  cones  (equivalence  of  the  definitions)) 
further  properties  and  relationships)  ulmptlces  ncul  optimality 
problems. 

II.  The  Simplex  Method)  prefatory  remarks)  notation)  statement  of 

the  linear  progtamolng  problem)  the  original  simplex  method) 
the  development  of  the  simplex  method  (the  revised  *lmj lex 
method,  the  generalised  simplex  method,  Illustrative  extmple, 
u  remark  on  cycling,  the  product  form  of  the  inverse). 

III.  Some  Results  of  Computational  Experience)  Introductory  tetnarkst 

pro- so  loot.  Idr  a  feasible  or  near  optimal  baslu)  Introducing 
legitimate  unit  vector*  during  construction  of  a  model | 
introducing  aome  (but  not  all)  artificial  unit  vac '.oral 
aynlhealatng  unit  vectors  from  given  activities)  genera  I  teml 
use  of  elaroantary  (row)  tranaformattona. 

IV.  I'aiametric  Variations  end  I’oat -Opt  imallt  y  l’roblemsi  parametric 

var latlonat  the  dual  problem)  altering  the  right  hand  side  of 
a  ayscemi  altering  the  cost  rowi  clinngea  within  the  matrixi 
the  complete  dualised  system. 

References. 


A  beginning  to  Cost-Ef f ectivsnses  Analysis 
Vines,  Eugene  P. 

McLean.  Research  Analyaii  Corporation,  1463,  11  p. 
Technical  Paper  RAC-TP-100.  AD  422  374. 


Abatract<  "This  short  paper  describes  a  Method  of  cost-effnctivenetis 
analysis  developed  to  evaluate  specific  items  of  Army  equipment  in 
mathematical  terms  as  part  of  the  larger  problem*  of  optimum 
allocation  of  resources.  Tha  medium  (now  "min")  battle  tank  was 
selected  ns  Vho  Leading  Item  on  n  list  of  Army  equipment  chosen  for 
"critically  in  combat".  A  linear  programming  model  for  the  Univac 
"ciantlfic  1103A  computer  waa  set  up  to  solve  the  problem  of  maximum 
combat  effectiveness  subject  to  dollar  constraints  end  minimum  coat 
subject  to  maintaining  selected  levels  of  combat  effectiveness. 
Comparative  combat  effectiveness  of  UR  and  enemy  forced  was  considered 
to  be  the  product  of  ratioe  of  rates  oi  fire,  probabilities  of  hit, 
and  prooabll itiea  oi  kill,  give**  hit.  Later,  weighting  procedures 
allowed  consideration  of  other  factors.  The  area  that  gave  the 
greatest  difficulty  (and  Chet  requires  the  moat  futuru  research)  is 
that  of  measures  of  ef f ectlvenaaa.  That  difficulty,  plus  the 
application  of  a  simplified  programming  model,  qualifies  the  study's 
product  aa  illustrative  rwther  than  factual." 

For  award. 

Abatiact. 

Introduction. 

Effectiveness. 

•float  and  Effect  1  vent,  a  a  Relations, 
lienees l  Considerations. 

K  igures. 


Bibliographical  Reference  of  Accuracy  of  Cost  Information  for 
Decision-Making,  Onai,  Mohammed 

Syracuse,  Syracuse  University,  1969,  39  p. 

NASA  No.  N70-21107, 


"This  bibliography  examines  the  literature  related  to  the  accuracy 
of  coat  information  for  decision-making.  blueings  are  n  lphabat  lot  1  ly 
by  author." 

I.  Introduction. 

II.  Periodical  References. 

III.  Government  Contracts. 

IV.  Selected  NASA  Publications. 

V.  Author  Index. 
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Bibliography  on  Cost-Benefit  Analysis  and  Plannlng-Prograsplng- 
Budgeting  Pea  naan,  Elisabeth  H« 

McLean,  Research  Analysis  Corporation,  1966,  44  p. 

AD  630  904. 

The  citations  are  arranged  b/  broed  subject  categories  and  alpha¬ 
betically  by  author  within  theta  classifications. 

Preface. 

Cost-Benefit  Analysis:  general;  defease;  health,  education,  and 
welfare;  public  investments;  resource  development ;  transportation 
urban  development. 

Flaimlng-Prcgraaalng- Budget  lag. 

Sources. 


Building  a  Mew  Force  Structure  Cost  Analysis  Model 
Bradley,  B.D. 

Santa  Monica,  The  Sand  Corporation,  1965,  20  p. 

Rand  Memorandum  RM-4764-PR.  AC  627  611, 

Abstract:  "A  description  o£  a  new  force  structure  cost  analysis 
model  being  developed  to  advance  the  concept  cf  force  structure 
analysis  and  to  facilitate  its  use  in  Air  Force  planning  studies. 

The  model  ia  designed  to  incorporate  ncn-weapoo  support  activities  and 
provide  means  for  explicit  analysis  of  their  resource  requirements. 

The  concepts  of  the  model  end  their  use  in  the  analytical  process 
are  discussed,  es  well  as  the  definitional  framework  devised  for 
it.  This  framework  provides  a  two-dimensional  description  of  the 
Air  Force.  The  method  by  which  the  model  will  accommodate  both 
planner  and  analyst  is  considered.* 

Preface. 

Summary. 

Text:  Cenerais  concepts:  framework  of  the  model  (coat  elements, 
program  elements,  using  the  framework);  computational  structure 
of  Che  model;  a  look  to  the  future. 


Bureau  of  the  Budget  Bulletin  to  tht  Htadt  of  Executive  Departments 
and  Establishments:  Plannlng-Progranvnlng-Budgettng  (1PB) 

Bureau  of  the  Budget 

Washington,  Bureau  of  the  Budget  (Executive  Office  of  the  President), 
IB  July  1967,  26  p. 

BOB  Bulletin  60-2. 

Guidelines  for  lmpl eaten tat  I  on  of  the  plane  Ing-programcilng-budgeting 
nystoin  to  be  used  by  gov e miner t  agencies  in  establishing  priorities 
and  reviewing  program  alternatives. 

1.  Purpose. 

2.  Application  of  Instruct  ions. 

3.  Principal  Objectives  of  PPB. 

A  -  Rlvmentir  of  the  Systomi  program  memoranda j  program  and  financial 
plan)  special  studies. 

3,  Program  Structure. 

6.  Program  MwncrauuM  < 

7.  Mulfci-Yoar  Program  and  KlnuncluL  Plam  presentation  of  future 
year  dutai  output  at  neats t  reconciliation  of  program  coat*  to 
appropr iat Iona . 

8 .  Sp'Adal  Studies. 

9.,  timing  for  l’roduntiou  of  Document:*. 

10.  Illustrative  Annual  Cycle. 

11.  Haaponsibl Uty,  Staffing  and  training. 

Attttchmtant i  Program  Categories, 
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The  Complete  Strategist!  Being  a  Primer  on  the  Theory  of  Game 
William*,  John  Davis 

New  York,  McGraw-Hill,  l‘)66,  268  p. 

I.  Introduction, 

II.  Two-Strategy  Games. 

III.  Three-Strategy  Games. 

TV.  Pour-Strategy  Games  and  Larger  Onep, 

V.  Miscellany. 

VI.  General  Methods  of  Solving  Games. 

Appendix.  Table  of  Random  Digits.  Solutions  to  £*;erci«re, 

1 ndex. 


A  Coinpi.' Leri  teed  Technique  to  Express  Uncertainty  in  Advance  System 
Cost  Estimates  Sobel,  S. 

Bedford,  The  Mitre  Corporation,  1963,  102  p. 

Technical  Report  No.  ESD-TR-6.5-79.  AD  624  894. 

Abstract!  "Thu  technique  described  presents  a  method  to  express 
uncertainty  quantitatively  in  cdvanced  system  cost  estimates.  In 
particular,  the  techniques  suggest  the  employment  of  subjective 
probability  distributions,  which  describe  the  uncertainty  in  each 
system  element.,  to  determine  an  approximate  distribution  for  total 
system  cost.  A  7090  program  has  been  written  to  pci  form  the 
computational  operations. ,r 

Glossary. 

Preface. 

3,  Introduction:  purpose;  sources  of  uncertainty;  expressing  cost 
uncertainty;  a  few  early  approaches  to  describe  category  II 
uncertainties. 

II.  Description  of  the  Proposed  Technique:  general,  limitations, 
inputs  provided  by  the  cost  analyst;  determining  uncertainty  in 
total  costa;  utilisation  of  momenta  to  generate  distribution  of 
total  conte. 

III.  Computer  Program!  introduction;  programs  I,  II,  and  III, 

IV.  Usefulness  ot  the  Results. 

V.  Validity  of  the  Results. 

VI.  Areas  of  Future  Work. 

Appendix  1,  Dependence  among  Variables. 

Appendix  2.  Product  of  Random  Variables. 

Appondix  3,  Moments  for  the  Suras  and  Products  of  Independent 
Variables. 

Appendix  4.  Determination  of  the  Parameters  for  the  Approximating 
Linearly  Scaled  Beta. 

Appendix  S„  Illustrative  Examples, 

Appendix  6.  Description  of  Three  7090  FORTRAN  Programs. 

Appendix  /„  Detail*  ot  FORTRAN  Subroutines. 

References. 
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Concepts  and  Procedures  of  Cost  Analysis 
Large,  J.P. 

Santa  Monica,  The  Rand  Corporation,  1°63,  402  p. 

Rand  Memorandum  RM-3589-PR.  AD  411  554. 

Summary:  "This  Memorandum  presents  the  basic  concepts  of  coBt 
analysis  ue  well  as  certain  sDecinlixed  procedures  for  estimating 
the  cost  of  particular  types  of  equipment.  It  is  intended  to  be 
useful  both  as  a  orimer  for  persons  unfamiliar  with  cost-analysis  and 
as  a  handbook  for  those  already  in  the.  field.  Thus  the  various  chapters 
differ  considerably  in  their  level  ui  generality.  One  chapter,  Cor 
example,  explains  what  an  estimating  relationship  is,  while  the  follov/- 
ing  one  presents  *  step-by-step  illustration  of  the  use  of  statistical 
regression  analysis  to  derive  an  estimating  relationship.  Similarly, 
primary  misGion  equipment  is  treated  iiv  a  general  way  in  one  chapter, 
and  then  detailed  methods  for  estimating  the  coat  of  certain  kinds  of 
primary  mission  equipment  (aircraft  and  missiles)  are  presented.  Other 
subjects  discussed  at  some  length  include  total  force  structure  cost 
analysis,  the  problems  of  uncertainty,  estimating  research  and 
development  costs  of  large  launch  vehicles,  and  determining  porsonnal 
requirements. " 

Preface. 

Summary. 

I.  Introduction:  system  definition:  use  of  dollar  costs;  timo  phasing; 
tost  categories;  an  example;  total  force  structure,, 

II.  Total  Force  Structure  Cost  Analysis  (G.  H.  Fisher):  definition; 
total  force  structure  cost  analysis;  use  of  a  cost  model;  relation 
to  individual  system. 

III.  Cost  Analvsis  of  Individual  Systems  (David  Novlck  &  R.L. 
Petruschell) :  data  requirements  ( PME  and  AGE  descriptive  data, 
operational  and  organieat ional  data,  manning  policy  data,  in- 
consnission  rate  data,  maintenance  concept  data,  training  data); 
weapon  system  description  -  an  example;  cost  categories  (K4D, 
investment,  annual  operating);  investment  (installation, 
equipment,  stocks,  initial  trainlnR,  miscellaneous);  annual 
operating  costs  (equipment  and  installation  replacement; 
inaiotenace;  training;  pay  and  allowances;  fur-1*,  lubricants,  ond 
propellants;  services  and  miscellaneous) ;  non-direct  costs. 

IV.  An  Introduction  to  Estimating  Relationships  (!-'.. L.  Petruuchel  1 ) i 
data  accumulation;  display  forms;  benefits  of  ER*i;  derivation 
procedure;  example. 

V.  Use  of  Htutistlca'i  Regression  Analysis  in  Deriving  Estimating 

Relationships  (G.li.  Piohar):  inti oduct ion ;  statement  of  the 
problem;  n  linear  normal  regression  nnalyris;  a  curvilinear 
analytic:  logarithmic  regression;  a  cv.rvilinear  analysis: 


second  degree  equation;  a  multiple  regressidn  analysis; 
appendix  A  (derivation  of  the  normal  equations  for  a  linear 
normal  regression);  Appendices  B,  C,  D  (student  problems). 

VI.  The  Probability  of  Uncertainty  (G.H.  Fisher):  requirements 
uncertainty;  cost  estimating  uncertainty;  proposals  for  treatment 
of  uncertainty;  use  of  adjustment  factors;  the  summers  magic 
formula;  cost  sensitivity  analysis. 

VII.  Estimating  Research  and  Development  Costs  of  Large  Launch 

Vehicles  (J.W.  Noah).  '  ' 

VIII.  Estimation  of  the  Requirements  for  Primary  Mission  Equipment 
(R.  L.  Petru3chell) :  demand  for  primary  mission  equipment; 
time  phasing;  use  of  cost-quantity  relationships;  an  example; 
calculation  procedure. 

IX.  Aircraft  Airframe  Cost  Estimating  Techniques  (J.M.  Carrier  & 

R.V*  Smith):  introduction;  examples.  ^ 

X.  Missle  Airframe  Cost'i  Estimating  Techniques  (H.G.  Campbell). 

XI.  Installations  (H.F.  Harris):  estimating  methods;  example. 

XII.  Total  System  Personnel  Estimating  (R.L.  Petruschel 1 ) :  prere¬ 
quisite;  general  procedures;  breakdown  of  jobs;  personnel 

i  estimating  relationships;  an  example;  calculation  procedure; 
personnel  data  sources.! 


Concepts  and  Techniques  for  Summarising  Defense  System  Costs 
No^hj  J«W» 

Washington,  Center  for  Nava],  Analyses,  49  p. 

SEG  RC  #1.  AO  624  447. 

Abstract:  "Gome  techniques  used  to  summarize  total  costs  employed  in 
systems  analyses  are  classified,  described,  and  compared.  Their 
respective  advantages  and  disadvantages  are  given,  end  some  implica¬ 
tions  of  each  are  brought  out.  Five  cost-summarizing  techniques  are 
selected  and  distinctions  between  them  are  based  on  common  usage. 

The  procedures  are  termed:  fi ^e-year  system  cost,  period  outlay, 
net  cost,  present  cost,  annual  cost.  Necessary  to  their  discussion  is 
an  understanding  of  the  major  typeB  and  general  content  of  defense 
system  cost  analyses,  the  concept  of  remaining  value,  and  the  principle 
that  money  has  time  valua.  A  brief  section  on  each  of  these  subjects 
with  appropriate  references  precedes  the  discussion  of  the  methods 
for  summer izing  costs." 

Summary. 

Major  Types  and  General  Content  of  Cpst  Analyses. 

Remaining  Value. 

Time  Value. 

System  Cost  Summarizing  Techniques. 

Some  Implications. 

References. 

Appendix  A.  Tables:  interest  table,  single  payment  compound  amount 
factors  (1  +  i  )n f  interest  table,  single  payment  present  cost 
factor  (1  +  i)“nt  declining  balance  factors,  (1  -  i)n. 

Appendix  B.  Comparison  of  Alternative  CoBt  Streams. 
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Correlation  and  Regression  Techniques 
McClosky,  John  W. 

Fort  Belvoir,  US  Army  Management  School  (Operations  ReseFrch/Systenm 
Analysis  Executive  Course),  1967,  29  p. 

AD  661  836. 

"In  regression  the  variable  which  is  being  predicted  Is  oftan  referred 
to  as  the  dependent  variable,  and  the  variables  used  in  the  predicting 
are  referred  to  as  the  independent  variables.  The  initial  step  in  an 
investigation  requires  that  observations  be  made  on  both  the  dependent 
and  independent  variables.  Using  this  data  a  relationship  is 
established  which  best  describes  the  trend  ol  the  ohserval ions  between 
the  dependent  and  independent  variables  to  make  a  reliable  prediction 
as  to  what  the  value  of  the  dependent  variable  would  be  If  observed. " 

I.  Introduction. 

II.  Regression  in  Two  Variables. 

III.  Correlation  in  Two  Variables. 

IV.  Describing  the  Data. 

V.  Spearman's  Rank  Correlation  Coefficient. 

VI.  Multiple  Linear  Regression.  1 

VII.  The  Correlation  Matrix. 

VIII.  Multiple  Correlation  Coefficients. 

IX.  Geometrical  Considerations. 

X.  Partial  Correlation  Coefficients. 

Bibliography. 
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Cost:  Analysis  and  Methodology,  Operations  Research  Series,  Volume  I. 

A  Report  Bibliography 

Washington,  Defense  Documentation  Center,  1967,  291  p. 

AD  808  900. 

"This  bibliography  was  prepared  to  satisfy  recurring  requests  for 
searches  for  cost  analysis  materials.  It  represents  a  comprehensive 
compilation  of  unclassif ied  references  in  the  DOC  collection  that  have 
been  catalogued  since  1955.  References  in  this  collection  are 
concerned  with  identifying  and  estimating  research  and  development  costs 
and  their  associated  problems  and  possible  solutions.  This  broad 
comprehensive  compilation  favors  cost  analysis  of  systems  and  yet 
provides  adequate  references  concerning  component,  computer  programming, 
and  planning  costs,  along  with  their  associated  mathematical  coocepts 
and  treatments.  This  is  volume  1  of  a  series,  the  other  parts  of 
which  will  be  as  follows: 

Vol.  Ill  AD  80S  901  Cost  Effectiveness  Analysis 

Vol.  V  AD  808  902  Parametric  Identification  for  Cost  Analysis 


Preface . 

Abstract . 

AD  Bibliographic  References. 

Corporate  Author/Monitoring  Agencv  Index. 
Subject  idex. 

Personal  Author  Index. 

Contract  Index. 

Report  Number  Index. 


Cost  Analysis  for  Planning-Programming-Budgeting  Cost  Benefit  Studies 
McCullough,  J.D. 

Arlington,  Institute  for  Defense  Analysis,  1967,  31  p. 

AD  643  472. 

Adapted  from  a  paper  prepared  for  the  Financial  Management  and 
Planning-Programming-Budgeting  Training  Center. 

I.  The  Role  of  Cost-Benefit  Analysis. 

II.  The  Role  of  Cost  in  Cost-Benefit  Analysis. 

III.  Features  of  Systems  Cost  Analysis:  end-product  orientation; 
extended  time  horizon;  incremental  costing;  life  cycle  costs; 
dollars  as  the  measure  of  resources;  analytical  approach  and 
statistical  techniques. 

IV.  Steps  of  Cost  Analysis:  defining  the  problem;  obtaining  a 
specific  systems  description;  collecting  data;  converting 
information  to  a  statement  of  resource  requirements;  translating 
to  costs  (catalog  price,  specific  analog,  estimating  relationship, 
expert  opinion;  learning  curve);  presenting  cost  estimates; 
documenting  the  analysis. 

V.  Total  Program  Cost  Analysis:  inter-systems  analysis;  intra-systems 
analysis;  major  program  studies;  total  agency  studies  (incremental 
costs;  total  program  costs;  annual  costs;  base  case;  use  of 
program  and  program  element;  computer  model);  time  phasing. 

Concluding  Remarks. 

References. 
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PRECEDING  PAGE  BLANK 


Cost  Analysis  Handbook 
AMC 


Washington,  Consul tec ,  1968,  169  p. 

AD  682  069. 

"The  purpose  of  this  handbook  is  to  provide  guidance  and  Instruction 
for  AMC  Cost  Analysis  personnel  who  have  aodest  experience  with  the 
subject  of  cost  analysis  and  cost  estimating  and/or  who  may  be 
unfamiliar  with  the  operations  of  the  Army  Materiel  Command.  To  this 
end,  it  provides  a  definitional  framework  for  cost  analysis  and  cost 
estimating  and  a  description  of  the  organisational  framework  within 
which  costs  are  utilised.  It  is  expected  that  the  users  of  the 
handbook  will  be  primarily  involved  in  the  Administrative-Decision 
Making  Function  within  AMC,  supplying  cost  analyses  and  cost 
estimates  for  decisions  related  to  organisation,  equipment, 
maintenance,  and  deployment  of  Army  forces." 

List  of  Exhibits. 

Foreward. 

I.  Introduction:  purpose  and  scope;  cost  analysis  and  cost 
estimating;  the  cost  estimating  sequence  and  perspective. 

II.  AMC  Cost  Estimating  Framework:  acfcsinistrative-declslon  making 
function;  resource  administration  function;  AMC  organisational 
function;  coding  structure  interfaces. 

HI.  Procedures  for  Cost  Analysis:  cost  information  definition 
acquisition  of  cost  information;  validation  procedure; 
consolidating  and  structuring  information;  cost  analysis; 
cost  estimating  relationships;  cost  analysis  documentation 
and  presentation;  cost  analysis  quality  control  checklist. 

IV.  Cost  Estimating  Techniques:  cost  estimating  relationships; 
purpose  of  the  estimate;  conditioned  estimate;  translation  of 
estimates  into  time-phased  relationships;  validation  of  cost 
estimating  techniques;  specific  application  of  cost  estimating 
in  cost  analysis. 

V.  Cost  Estimating  Procedure:  level  of  estimate  detail;  cost 
estimating  schedule;  sources  of  cost  information;  cost 
sensitivity  analysis;  validation  of  est.matc;  cost  estimate 
change  reports;  estimate  documentation  ani  presentation;  suninary 
report . 

VI.  Organizational  Implications:  cost  analysis  responsibilities; 
basic  organizational  theory;  AMC  sta.'f  interfaces;  conclusion 
relative  to  the  cost  analysis  function  role  in  AMC. 

Appendix  A.  Learning  curves. 

Appendix  B.  Derivation  of  Cost  Estimating  Relationships. 

Appendix  C.  Extract  from  Interim  Report. 

Appendix  D.  Basic  Organization  Theory. 

Appendix  E.  Glossary. 

Appendix  F.  Abbreviations, 
e i b 1 iography . 


Cost  Analysis  Program 
Headquarters)  Department  of  the  Army 

Washington)  Department  of  the  Armyt  1970)  6  p, 

AK  11-10. 

This  regulation  established  objectives  and  assigns  responsibilities 
governing  Army-wide  cost  analyses. 

I.  Purpose. 

II,  Rel erenccH . 

ill.  Objectives, 

IV.  Policy. 

V.  Definitions  and  Functions)  cost  anslyslsi  coat/benef it.  analyslsi 
cost  Information  system)  economic  analysis)  force  structure  cost 
analysis)  Incremental  cost)  life  cycle  rest  analysis)  sensitivity 
analyslsi  validated  cost  datat  weapon  syotem  cost  analysis. 

VI.  Rasponalbl 1  it  las  of  the  Army  Staff. 

VII.  Responslbllltlaa  of  Army  Commands, 

Villa  Responsibilities  of  Agencies  and  Services. 

IX.  Coordination  Instructions. 


Cost  Considerations  in  Systeas  Analysis 
Fisher,  Gene  H.  (Rand  Corporation) 

New  York,  American  Elsevier,  1971,  336  p. 

Rand  Report  R-490-ASD. 

A  report  prepared  for  the  Office  of  the  Assistant  Secretary  of 
Defense  (Systeas  Analysis)  on  cost  analysis  aspects  of  systeas 
analysis.  "A  text  for  the  teaching  of  force  planning  cost  analysis 
...  as  a  subset  of  systeas  analysis.*  The  aaln  concern:  "major 
resource  allocation  decisions  in  the  long-range  planning  context.” 

A  listing  of  suppleaentary  readings  follows  each  chapter. 

I.  Introduction. 

II.  What  is  Systems  Analysis?:  definition;  analytical  process,  models; 
uncertainty  (sensitivity,  contingency,  A  a  fortiori  analyses); 
time;  validity;  qualitative  supplements;  pitfalls;  exaaples  of 
past  applications. 

III.  Concepts  of  Economic  Cost:  definition;  identification,  measure, 
evaluation;  past  and  future;  relevant  and  Irrelevant;  external 
and  Internal;  minimising  and  maximising;  comparing  alternatives; 
discounting;  macro-cost  and  micro-cost  analysis. 

IV.  Introduction  to  Military  Cost  Analysis:  (the  output  side)  major 
characteristics  (emphasis  on  output -oriented  packages  of  capability; 
accuracy  requirements  and  possibilities;  systematic  collection  of 
data  and  derivation  of  estimating  relationships);  fixed  budget  and 
fixed  effectiveness  approaches;  examples  (intra-  and  lnter- 
coraraand  systems  comparisons,  force  mixes,  total  force  structure 
cost  analysis). 

V.  The  Input  Side:  types  of  input;  input  structures;  examples. 

VI.  Estimating  Relationships:  types  (simple  linear  forms,  step 
functions,  multivariate  functions);  data  problem  (format, 
integration,  categories,  temporal  factors,  comparability)  and 
approaches  (ad  hoc  sample  surveys,  experiments,  adjustments  to 
raw  data  base);  derivations  and  uses;  examples. 

VII.  Cost  Models:  types  (resource  requirements  submodels,  individual 
system,  mission  area  force  mix,  total  force);  examples. 

VIII.  Special  Topics:  treatment  of  uncertainty  (supplemental 
discounting,  adjustment  factors,  special  studies,  cost 
sensitivity  analysis);  time  (military  context,  undiscounted 
costs,  supplemental  discount  rate,  residual  value);  wartime 
costs. 

IX.  Systems  Analysis  Examples. 

X.  Summary  and  Concluding  Remarks. 

Appendix  A:  The  Opportunity  Cos:  Concept,  an  Example  from  the 
Microeconomic  Theory  of  the  Firm. 

Appendix  B:  The  Concept  of  Comparative  Advantage. 

Appendix  C:  The  Theory  of  Maximizing  Behavior,  an  Example  from  the 
Theory  of  the  Firm. 

Author  Index. 

Subject  Incex. 
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Cost-Effectiveness:  An  Appreciation 
Quads,  E.S. 

Santa  Monica,  The  Rand  Corporation,  1965,  6  p. 

?.and  No.  P-3248.  AD  623  105. 

"This  paper  attempts  to  clarify  the  nature  and  scope  of  cost- 
effectiveness  analysis  and  to  point  out  Its  proper  role  as  an  aid 
to  decision-making.  It  discusses,  in  the  context  of  national 
security  problems,  the  reliability  and  limitations  of  such  analyses 
and  ways  to  improve  its  quality. 

Introduction. 

Definitions. 

The  Essence  of  the  Method. 

The  Limitations. 

Analysis  is  Necessarily  Incomplete. 

Measures  of  Effectiveness  are  Approximate. 

No  Satisfactory  Way  to  Forecast  the  Future  Exists. 

The  Virtues. 

The  Future. 

Concluding  Remarks. 

Bibliography. 

Graph;  the  Structure  of  Analysis. 
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Co«t-fif fectlvitnaaat  Kstlmating  Syetama  Coat* 
McCullough,  J.D. 


hathesda,  The  Rend  Corporation,  1963,  26  p. 

Rand  No.  P-3229.  AD  622  023. 

The  objective  la  "to  dlac.ua  the  significant  features  and  general 
procedure*  Involved  In  syat  .me  analysis,  directed  particularly  to 
the  user*  of  cost  estimates  -  either  study  directors  who  must  direct 
u  team  of  ayatems  analysts  and  cost  analysts,  or  systems  analynts  who 
must,  work  with  cost  analysts." 


Intro duct  Ion. 

Features  ul  Cost  Analysis)  end-product  oriental  ion i  extended  time 
horiaont  Inc reman tel  coating)  Ufa  cycle  costs)  dollars  as  a  measure 
of  resources)  the  analytical  approach  and  the  use  of  statistical 
techniques. 

Steps  of  Coat  Analysis)  defining  thm  problem)  collecting  data) 
deriving  the  estimate)  presenting  the  estimate)  documenting  the 
analysis. 

Concluding  Remark)). 


Cosc-Eff ectiveness:  Some  Trends  in  Analysis 
Quade,  E.S. 

Santa  Monica,  The  Rand  Corporation,  1967,  18  p. 

Rand  No.  P-3529.  AD  650-129. 

New  approaches  to  cost-effectiveness  analysis  are  being  proposed 
constantly.  Most  are- primarily  mathematical  in  nature,  but  a  few 
are  "directed  toward  a  better  treatment  of  those  aspects  of  its 
problems  that  cannot  be  handled  by  purely  quantitative  methods." 

This  paper  notes  three  trends  involving,  respectively:  computers, 
mathematics,  and  the  direct  use  of  expertise.  The  last  is  described 
in  some  detail,  especially  the  Delphi  technique  and  its  extensions. 
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Cost-Effectiveness  Analysed 
OiNeill,  Daniel  0, 

Aberdeen  Proving  Ground,  US  Amy  Ballistic  Research  l.aborator tao ,  1966, 
68  p. ,  m  Report  No.  131.6.  AD  636  168. 

Abstract. i  "Methods  for  the  conduct  of  cost-effectiveness  studies  and 
for. T.ats  for  the  pr esentnt  icn  of  results  are  presented." 

I.  Introduction 

II.  Discusei on :  general;  threat;  target  acquisition;  effectiveness; 

attrition;  weapon-target  allocations. 

III.  Sunwmry. 

References. 

Appendix.  Cost  Effectiveness  Analysis  -  An  Outline. 


Coat-Effectiveness  Analysis!  New  Approaches  in  Dec is ion -Making 
Goldman,  Thomas  A. ,  Editor 

New  York,  Frederick  A.  Praeger,  1967,  231  p. 


A  collection  of  essays  sponsored  by  the  Washington  Operations  Council 

anu  one  of  the  series  in  the  Praeger  Studies  in  US  Economic  and 

Social  Development.  The  papers  included  are  those  given  at  a 

-lymposiutn  in  Washington. 

I.  Introduction  and  Overview  (Edward  S.  Quade):  definitions;  the 
essence  of  the  method;  the  virtues;  the  limitations;  the  present; 
the  future;  notes. 

II.  Measures  of  Effectiveness  (William  A.  Niskanen):  choosing 
measure:*  of  effectiveness;  the  relation  of  defense  objectives  to 
national  objectives;  defense  objectives  by  area  and  level  of 
conflict;  measures  of  effectiveness  for  defense  objectives;  notes. 

III.  The  Choice  of  Analytic  Techniques  (Alfred  Blumstein):  kinds  of 
models;  relationship  of  models  to  defense  systems;  uses  of  the 
model;  considerations  in  model  selection. 

IV.  The  Use  of  Coat  Estimates  (Harry  P.  Harry) t  types  of  cost- 
effectiveness  analysis;  the  basic  input  data;  future  system  cost 
estimating  (CERs);  treatment  of  cost  uncertainty;  problems  of 
cost  analyst-system  analyst  coordination;  documentation;  the 
choice  of  the  cost  measure;  selected  bibliography. 

V.  Estimating  Systems  Costs  (James  D.  McCullough):  features  of  cost 
analysis;  steps  of  cost  analysis;  selected  bibliography.. 

VI.  Armed  Forces*  Use  of  Cost-Effectiveness  Analysis  (LTC  R.S.  Berg): 
the  operational  requirement;  technical  trade-offs;  system  costs; 
analysis  of  design  characteristics;  intersystem  comparisons. 

VII.  Defense  Contractor  Use  of  Cost-Effectiveness  Analysis  (Eugene  R. 
Brussell) , 

VIII.  An  Analysis  of  Tactical  Air  Systems  (Murray  Kamrass  and  Joseph  A. 

Navarro) . 

IX.  Cost-Effectiveness  Analysis  for  Government  Domestic  Programs 
(William  M.  Gapron). 

X.  Cost-Effectiveness  Analyaio  for  the  "War  on  Poverty"  (Stanley  M. 
Bvnen,  Alan  E.  Fechter,  and  Anthony  C.  Fisher), 

XI.  An  Analysis  of  Metropolitan  Transportation  Systems  (John  F,  Kaln) 

XII.  The  Structure  of  Incentive  Contracts  (Collim  W.  Scarborough). 

XIII.  The  Structure  of  Military  industrial  Funds  (Martin  J.  Bailey). 


31a 


Cost-Effectiveness  Optimisation  (Summary,  Conclusions,  Recommendations) 
Task  Group  IV 

Andrews  Air  Force  Bane,  Headquarters  Air  Force  Syntema  Command,  1965, 
Volume  I,  18  p. 

AFSC-TR-65-4.  AD  958  595. 

Abstracts  "The  underlying  principles  associated  with  cost-effectiveness 
analysis  are  discussed.  The  rationale,  purpose,  methodology  required, 
and  nature  of  the  results  that  can  be  obtained  by  means  of  the  analysis 
are  presented  in  summary  form.  Illustrations  of  the  type  of  input  data 
required  and  the  logic  associated  witli  its  applications  are  provided." 

Foreword. 

Abstract. 

I.  Introduction. 

II.  Considerations  in  Cost-Effectiveness  Analysis. 

III.  Conclusions  and  Recommendations. 
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Coac-Effectiveneso  Optimisation  (Tasks  and  Analysis  Methodology) 

Task  Group  IV. 

Andrews  Air  Force  Base,  Headquarters  Air  Force  Systems  Command,  1^65, 
Volume  II,  160  p. 

AFSC-TR-65-4.  AD  462  398.  \ 

I 

Abstract:  "This  report  discusses  the  philosophy  of  cost-effectiveness 
and  techniques  for  trade-off  and  optimisation  studies.  It  lists  and 
discusses  twelve  tasks  necessary  to  perform  a  coat-effectiveness 
analysis.  A  methodology  is  outlined  for  identifying  and  standardising 
cost  and  effectiveness  factors.  Descriptive  analytical  models  for 
cost-effectiveness  are  provided,  including  discussion  of  their 
sensitivity  and  validity.  One  section  defines  and  discusses  risk  and 
uncertainty  and  their  effect  on  the  decision  making  process.  Included 
is  an  extensive  bibliography  on  cost  effectiveness.11 

I 

I.  Introduction:  general  concepts;  levels  of  cost-effectiveness 
analyses. 

II.  Discussion  of  Tasks  and  Factors  in  Cost-Effectiveness  Analysis. 

III.  Inputs  and  Relationships:  define  program  objectives,  mission, 
and  constraints;  criteria  selection;  identify  and  synthesise 
alternatives;  identify  variables. 

IV.  Cost-Effectiveness  Models,  Concepts,  Validation  and  Sensitivity: 

,  mathematical  formulation  of  effectiveness  and  costs;  statement 

of  the  optimisation  problem;  some  possible  models;  model 
validity  and  sensitivity;  conclusions. 

V.  Development  of  Cost  Inputs  to  Cost  Effectiveness  Models:  objectives; 
theory  and  practice;  a  general  cost  methodology;  cost  estimating 
relationships;  developing  CERs;  AFSC  format  for  recording  CERs; 

the  future  development  of  costing. 

VI.  Effectiveness  Factors  for  Cost  Effectiveness  Models:  Introduction; 
effectiveness  factors;  availability;  survivability;  reliability; 
penetrability;  lethality;  other  considerations., 

VII.  Risk  and  Uncertainty  in  Cost  Effectiveness:  risk,  uncertainty; 
use  of  risk  and  uncertainty;  examples  of  risk  and  uncertainty 
considerations;  summary. 

VIII.  Evaluation  of  Alternatives  and  Optimisation:  evaluation  of 
individual  improvement  alternatives;  ranking  of  alternatives; 
determination  of  optimum  point;  model  outputs  for  decision 
support. 

IX.  Interpretation  of  Results,  Sensitivity,  and  Limitations. 

X.  Conclusions  and  Recommendations:  discussion  of  accomplishments 
and  implementation;  conclusions;  recommendations. 

Appendix  I.  Compilation  of  Abstracts  from  Examples  of  Volume  III  of 
Task  Group  IV  Final  Report. 

Appendix  II.  Example  of  Coat  Effectiveness  Analysis  for  thn  Definition 
phnse. 

References. 

Bibliography. 
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Cost  Estimates  as  Predictors  of  Actual  Weapon  Costs:  A  Study  of  Major 
Hardware  Articles 
Summers,  Robert 

Santa  Monica,  The  Rand  Corporation,  1965,  72  p. 

Rand  Memorandum  RM-3Q61-PR  (Abridged).  AD  612  723. 

Summary:  "This  is  a  statistical  study  of  military  coat  estimates  aimed 
at  decreasing  the  uncertainties  about  their  Interpretation  and  use. 
Based  on  a  sample  of  68  cost  estimates  of  major  hardware  articles  In 
22  systems,  it  assesses  their < accuracy  as  predictors  of  actual  cost. 
Section  1  describes  the  aims  and  scope  of  the  study  and  presents  a 
detailed  summary  of  methods  and  results.  Section  2  presents  the 
statistical  analysis  of  estimating  errors,  and  Section  3  shows 
quantitatively  that  the  observed  errors  can  significantly  affect  the 
choice  between  alternative  systems." 

\ 

Preface. 

Summary. 

I.  Introduction:  aims  and  scope  of  the  study;  outline  of  methods 
and  results. 

II.  An  Analysis  of  Cost-Estimate  Chronologies:  errors  in  nonmilitary 
cost-estimating;  model  of  the  development  process;  preliminary 
description  of  the  data;  raw  measure  of  accuracy  of  estimates; 
adjusted  measure  of  accuracy  of  estimates;  model  of  the  develop¬ 
ment  process;  bivariate  analysis  of  t  and  A;  the  variables; 
regression  results;  hypothesis  testing;  data  problems  (errors 

in  measurement,  randomness);  estimation  of  independent  variables; 
conclusions  about  learning  during  development;  cost  changes  of 
major  article  components;  the  "changing-configuration"  hypothesis; 
conscious  underbidding  of  contractors. 

III.  The  Consequences  of  Cost-Estimate  Inaccuracies:  cost 
inaccuracies  versus  other  uncertainties;  system  choice  and 
Inaccurate  cost  estimates:  bias;  variance;  implications  for 
cost-effectiveness  studies;  implications  for  force-structure 
projections. 

Appendix.  Examination  of  Three  Cost-Effectiveness  Studies. 
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Cost  Factoring  System  for  Force  Readlnens  Projection  (COFACTS) 
Wllbourn,  C.R. |  R.M.  Burbridgei  0,  Cohen)  K.L.  Lehmann)  M.L. 

Patterson)  J.D.H.  Sidley, 

Washington,  Planning  Research  Corporation,  1968,  1B0  p. 

PRC  R-1L45.  AD  860  253. 

Abstract i  "This  report  describes  the.  analyses  and  development  of  the 
Cost  Factoring  System  for  Force  Readiness  Projection  (COFACTS), 

Three  mathematics  i  models  were  developed*.  »  Force  readiness  measure¬ 
ment  model,  which  has  the  unique  feature  of  utilialng  cost  as  a 
criterion  of  readiness  capability)  a  budget  model,  which  computes 
force  related  costs  by  budgot  program)  and  a  cost  Impact  model  which 
calculates  cost  implications  of  increasing  or  decreasing  force 
readiness  levels.  The  computer  system,  which  incorporates  these 
models,  the  resultant  reports,  and  their  applications  to  the  various 
levels  of  the  force  planning  process  are  also  presented." 

3unmary i  introduction)  system  applications)  measurement  of  projected 
force  readiness)  budget  model)  coat  impact  of  readlnesa  changes) 
CQFACT8  computer  system)  conclusions  and  recommendations. 

I.  Introduction!  the  problem)  status  of  the  problem's  solution) 
background  orientation;  the  COFACTS  system)  beyond  COFACTS) 
organisation  of  the  report. 

II.  Systems  Application!  introduction)  the  COFACTS  resource 
readiness  summary)  the  COFACTS  force  budget  outputs)  cost 
Impact  outputs)  annex  outputs. 

III.  Measurement  of  Projected  Force  Readiness!  general)  major 
assumptions |  general  methodology  systems  flow)  selection  of 
readiness  measurement  categories)  general  readiness  cost  ratios) 
individual  aubcategory  cost  factor  development.)  aggregate 
readiness  level  determination. 

IV.  Budget  Model!  recurring  costs)  replacement  training)  Initial, 
coatai  the  reserve/natlonal  guard  model. 

V.  Coat  Impact  of  Readiness  Changes:  introduction)  methodology. 

VI.  COFACTS  Computer  System!  general)  the  preprocessor)  SACS) 

PAMSIM)  P20A/224T)  the  COFFIN  file)  the  model)  implementation 
procedure;  current  implementation  status. 

VII.  Conclusions  and  Recommendations. 

Appendix  A.  Example  of  Total  Cost  Implication  of  a  PKMA  Budget  Cut. 
Appendix  B,  Cost  Modele. 

Appendix  C.  Glossary. 

Appendix  D.  Previous  Studios  of  Army  Force  and  Force/ Budget 
Readiness. 


A  Cost  Model  for  Use  In  Ccst-Effectiveness  Analyses  of  Dissimilar 
Weapon  Systems  Westerman,  ean  F.  and  Ronald  F.  Mathias 

Aberdeen  Proving  Ground,  Army  Materiel  Command  (Ballistic  Research 
Laboratories),  1964,  24  p. 

BRL  «  1602.  AD  453  842. 

Abstract:  "A  model  Is  presented  for  the  determination  of  system 
costs  in  cost-effectiveness  studies  of  dissimilar  weapon  systems. 
The  assumptions  employed  are  listed  so  that  an  adaptation  of  the 
model  may  be  made  to  fulfill  individual  study  requirements. ” 

I.  Introduction. 

II.  General  Discussion  and  Assumptions. 

III.  Cost  Model. 

IV.  Annex,  Terms,  and  Definitions. 
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(Jo h t  Performance  Report 

Office  of  the  Assistant  Secretary  of  Defense  (Comptroller) 

Washington,  Department  of  Defense,  1970,  13  p. 

D0D1  7000,0. 


References. 

1 .  Purpose. 

IT,  Applicability. 

ITT.  Scope. 

TV.  Objective. 

V.  Responsibilities. 

VI,  Implements! ion  ami  Effective  Date. 

Enclosure  1.  PI)  Form  1669,  Data  Description  Item 
Attachment  1.  CPR  -  Work  Breakdown  Structure. 
Attachment  2.  CPR  Pun  i  tonal  Categories, 
Attachment  3.  CPR  -  Manpower  Loading. 

Attachment  9.  CPU  -  Problem  Analysis. 
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Cost-Quantity  Calculator 
Noah,  J.W.  and  R  W.  Smith 

Santa  Monica,  The  Rand  Corporation,  1962,  27  p. 

Rand  Memorandum  RM-2786.  AD  279  346. 

Summary:  "The  Cost-Quantity  Calculator  at  the  back  of  the  book  is 
designed  to  provide  cost  analysts  with  a  tool  for  construction  and 
interpretation  of  those  cost-quantity  relationships  usually  referred 
to  as  learning,  progress,  or  improvement  curves.  The  two  most 
common  of  these  curves  are  treated  here:  the  Log-linear  cumulative 
average  curve  and  the  log-linear  individual  unit  curve.  A  definition 
of  these  curves  is  given  in  the  text,  along  with  an  explanation  of 
their  differences  and  interactions.  For  practical  application  of 
these  relationships,  tables  of  slope-quantity  factors  are  provided.*1 

Preface. 

Summary. 

I.  Introduction. 

II.  The  Log-Linear  Cumulative  Average  Curve. 

III.  The  Log-Linear  Individual  Unit  Curve. 

IV.  Slope. 

V.  Asymptotes. 

VI.  Examples  Illustrating  Use  of  Tables. 

The  Calculator. 
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Cost  Research  Symposium  (1967) 

Proceedings  of  the  Second  Annual  DOD  Cost  Research  Symposium 

Washington,  Directorate  of  Budget,  Department  of  the  Air  Force,  1967, 
Vol.  1,  300  p. 

AD  820  274. 

Volume  II  contains  documents  classified  through  confidential,  while 

Volume  III  contains  the  one  report  classified  Secret. 

Introductory  Remarks  (LGEIJ  Jack  G.  Merrell,  Hon.  Norman  S.  Paul, 

Dr.  Alain  Enthoven). 

Comparison  of  Four  Approaches  in  Developing  Estimating  Relationships 
for  POL  Consumption  (Irwin  L.  Seidel  and  Jeffrey  Williams). 

The  Measurement  of  Army  Aircraft  Flying  Hour  Costs  (MAJ  Paul  P.  Mehler). 

Cost  of  Aircraft  Depot  Maintenance:  the  F-4  Cass  (Dr.  Seymour  Fiekowsky 
and  Arnold  Schwartz). 

Prediction  of  Life-Time  Equipment-Related  Repair  Parts  Support  Cost 
for  Naval  Ships  (C.L.  Karr,  Jr.). 

An  Expansion  of  the  Improvement  Curve  to  Allow  Its  Use  with  a  Common/ 
Peculiar  Production  Mix  (William  W.  Baker  and  Jules  Silver). 

Estimating  Aircraft  Flyaway  Costs  by  Adjusting  the  Conventional 
Learning  Curve  (William  W.  Vardeman  and  Culbert  Laney). 

Estimating  Weapon  System  Development  Costs  (Richard  J.  Trainor). 

The  Army  Divisional  Cost  Model  (T.  Arthur  Smith). 

Off-Loading  Military  Supplies  from  Cargo  Ships  in  Unimproved  Port 
Areas  (A.S.  Childers). 

Aircraft  Systems  Cost  and  Force  Structure  Automated  Model  (Ronald  S. 
Feldman) . 

A  Cost/Effectiveness  Formula  for  Man/Machine  Function  Allocations 
(Dr.  Joe  E,  Willis  and  Marilee  N.  Connelly). 

Variable  Costs  of  Army  Equipment  Operation  (John  O'Flaherty  and 
R.  O'Rorke). 

Cost  Uncertainty  Analysis  (William  Leathwood  and  Frank  J.  Husic). 

Closing  Remarks  (Saul  Hoch,  Dr.  Harold  Asher). 

Attendees. 
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Cost  Research  Symposium  (1968) 

Proceedings  of  the  Third  Annual  DOD  Cost  Research  Symposium 

Washington,  Office  of  the  Comptroller  of  the  Army,  1968,  Vol.  1,  230  p. 

AD  833  207. 

Volume  2  contains  classified  papers  through  Secret. 

Introductory  Remarks:  LTG  Frank  J.  Sackton,  Hon.  Eugene  M.  Becker, 

Hon.  Alain  Enthoven. 

A.  Estimates  of  Aircraft  Characteristics  with  Some  Implications  for 
Cost  Analysis  (Donald  M.  Fisk). 

B.  The  Development  and  Use  of  a  Computer-Implemented  Time-Phased 
Model  (CPT  Charles  H.  Wells). 

C.  A  System  Concept  for  Determining  Navy  Stock  Fund  Budgeting 
Requirements  (Charles  E.  Emberger). 

D.  Aircraft  Maintenance  Cost  Research,  KC-135  (Jean  Mullery). 

E.  Measuring  the  Impact  of  Reliability  and  Maintainability  on  Combat 
0AM  Costs  (Robert  Byer). 

F.  Personnel  Cost  Research  for  Early  Man/Kachine  Design  Trade-Offs 
(Marllee  Connelly). 

G.  Missile-Automated  Resources  Management  Operating  Technique  (MARMOT) 
(CPT  Robert  G.  Smith). 

H.  System  Cost  and  Operational  Resource  Evaluater  (SCORE)  (Solomon 
Getz). 

I.  Development  of  Automated  Methodologies  for  Weapon  System  Life 
Cycle  Costing  (Frederick  M.  Chakour). 

J.  Mathematical  Method  for  Pricing  Learning  Curve  Changes  (Paul  M. 
James). 

K.  The  Maintenance  Aspects  of  the  Life  Cycle  Cost  of  Electronic 
Systems  (Hugh  W.  McNeil). 

L.  System  Effectiveness  and  Life  Cycle  Costing  Analysis  for  the  Fast 
Deployment  Logistic  Ship  (CPT  B.  D.  Lamar). 

M.  Life  Cycle  Costing  in  System  Acquisition  (Perkins  C.  Pedrlck). 

N.  An  Inventory  Model  for  Reparable  Spares:  the  F-A  Cas.t  (Marshall 
Rose) . 

O.  Closing  Remarks:  Donald  B.  Rice. 

P.  Closing  Remarks:  Robert  C.  K.  Valtz. 

Q.  Attendees. 


Cost  Research  Symposium  (1969) 

Proceedings  of  the  Fourth  Annual  DOD  Cost  Research  Symposium 

Washington,  Office  of  the  Comptroller  of  the  Navy,  1969,  358  p. 

AD  854  663. 

Welcome  to  the  Symposium  (RATH  Eli  T.  Reich). 

Introductory  Remarks  (VAEM  Jackson  D.  Arnold). 

Keynote  Address  (Hon.  Charles  A.  Bowsher). 

OSD  Welcome  (Hon.  Ivan  Selin). 

Air  Force  Welcome  (Hon.  Thomas  H.  Nielson). 

Army  Welcome  (LTG  Frank  J.  Sackton). 

Concluding  Remarks  (Dr.  Donald  B.  Rice). 

Historical  Simulation  (Charles  A.  Graver). 

A  Three  Bimensiorvil  Cost  Model  for  Analysing  or  Estimating  Director 
Labor  Requirements  (KAJ  Gordon  J.  Johnson). 

The  Marine  Corps  Cost  Model  (DRS.  Richard  A.  Jenner  &  Joseph  H. 
Augusta). 

Cost  Estimating  Methodology  for  Ground  Combat  Surveillance  Equipment 
(Steve  Klein). 

An  Example  of  (elation ihlps  Between  the  Uses  and  the  Development  of 
CEKs  (John  E.  Buchanan  &  Ronald  A.  Chiodo. 

First  Order  Approximation  of  Cost  Variance  and  its  Value  (George  T. 
Patton). 

An  Approach  to  Quantitative  Measurement  of  Advances  in  State-of-the- 
Art.  (Dr.  Edwird  N.  Dodson). 

The  Cost  Implications  of  New  Technology  (J.D.S.  Clbson). 

Study  of  Trends  and  Escalation  of  Costs  (MAJ  Horace  Sc how, II). 

Cost  Analysis  in  Support  of  Contract  Negotiations  (T.  Arthur  Smith). 
An  Approach  to  Estimating  Costs  of  Maintenance  Material  and  Personnel 
for  Naval  Airborne  Weapon  System  (Paul  Casuk). 

Pilot  Training  Study  (W.E.  Moos). 

Selecting  the  Proper  Cost  Variables  for  a  Cost-Effectiveness  Study 
(Seymour  Horowits). 

Missile  Cost  Modal  (John  Johnson). 

SAMSO  Unmanned  Spacecraft  Cost  Modal  (G.B.  Cuarlno). 

Airmobile  and  Infantry  Division  Operating  Costs  in  Vietnam  (Robert 
Cald-?rone). 

Use  of  ADP  Sources  in  Collecting  Operating  Costs  (LTC  Errol  Hayes). 
Attendees. 


Cost  Restarch  Symposium  (1970) 

Proceedings  of  the  Fifth  Annual  DOD  Cost  Research  Symposium 

Washington,  Office  of  the  Assistant  Secretary  of  Defense  (Systems 
Analysis),  1970,  Volume  1,  320  p,  and  Volume  2,  266  p. 

AD  875  742. 

National  Bureau  of  Standards  Wolcom*  (Dr.  l  ev/ is  W.  Hranscomb). 
Keynote  Address  (lion.  (Gardiner  L.  Tudfci), 

Army  Welcome  (Hon.  Eugene  M.  Becker). 

Navy  Welcome  (Hon.  Charles  A.  Bowsher). 

Air  Force  Welcome  (Hon.  Spencer  J.  Schedlet). 

Discussion  of  New  PPBS  Procedures  (0.0.  Nuckola). 


A.  Selected  Acquisition  Report#)  Role  of  the  Selected  Acquisition 
Report  in  Management  and  Cost.  Analysis  (T.  Arthur  Smith). 

li.  Operations  Costs i 

An  Analysis  of  Base  Operating  Support  Coats  (Cl’T  Robert  C.  Owens). 
Depot  Maintenance  Cost  Estimating  Relationships  for  Fighter 
Aircraft  (Robert  lloulais). 

Operating  Costa  Associated  with  REDC0N  Improvement,  An  Historical 
Example  (LT  Edward  tt.  Doheity). 

Methodology  for  Determining  Aviation  Spare  Costs  per  Flying  Hours 
(V.  Had  la ) . 

An  Analyala  of  Operating  Costs  for  Delected  Missis  Unite  in  USAREUK 
FY  1968  (LTC  Everett  L.  Alvey). 

11.  Analysis  of  Investment  Alternatives) 

Economic  Replacement  Analysis  and  Cost.  Uncertainty  (LTC  John  Knubol). 
The  Impact  of  Discounting,  Inflation,  and  Residual  Value  on  Life 
Cycle  Coats  of  Weapon  Hyiit.em  Acqulsit:  ion  (MAJ  John  1).  Jo  huntin'. .) . 
Measuring  Price  and  Productivity  Change  In  the  Aircraft  Industry 
( J .  A  *  DelRossl). 

lj .  Coat  Analysis  Education  Programs!  Presentation  on  course  apiniorad 

by  Dr.  l/av(d  Ameen. 

E.  Logistics  Costs) 

Force  Coating  and  Hupport  Planning  (Dr  Bernard  Hoatker). 

Aircraft  Rework  Cost-Benefit  Model  (l)r.  Marshall  Roe). 

Project  ABLE  -  Acquisitions  Assad  on  Consideration#  of  Logistics 
Effects  (Irving  Kata), 

F.  Weapon  System  Atqul  sit. ion  Process i 

Estimating  Learning  Curve  Cost  Factors  (Walter  0.  Hurtling), 

Tima-Cost -Risk  Trade-Off#  tn  Development  Programs  (Edward  Dodson). 
Ridge  Analysis!  An  Improved  Procedure  lor  Developing  Coat 
Estimating  Hel at  I  unships  (Henry  klDkew). 

(i„  Role  of  Force  (lusting  in  Fores  Planning! 

Force  Planning  Cost  In  (urination  yatem  (Peter  Salomons). 
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Force  Cost  Assessor  (J.E.  Koletar,  Jr.). 

Time-Sharing  *  Breakthrough  in  Military  Staff  Procedures  (MAJ 
John  R.  Alexander,  Jr.). 

The  Electrical  FYDr  (Dr.  Christopher  Snyder). 

H.  Equipment  Costings 

The  FAMECE  Study,,  Costing  the  l’hase-ln  of  a  Family  of  Military 
Engineer  Construction  Equipment  (MAJ  M.F.  Higgins). 

A  Cost  Model  for  Semiactlve  Radar  Guidance  and  Control  Sections 
of  Air  Defense  Missiles  (Dr.  C.D.  Billings). 

Methodological  Problems  in  Estimating  Costs  of  Shipbuilding 
Programs  and  Seme  Proposed  Selections  (Prof,  Henry  Solomon). 
Ship  Cost.  Estimating  (G.H.  Main  ami  J.A.  P'et.htio).. 

J.  Manpower  Costlngi 

Personnel/Manpower  Life  Cycle  Built  Cost  Models  (CI)R  Thomas  J. 
Sullivan). 

Empirically  Estimating  Pilot  Training  Cost  Functions  (CPT  G.M. 
Kipnis) . 

A  Mathematical  Approach  to  Estimating  Training  Requirements 
(George  Travers). 

Development  and  Application  of  a  Total  Ship  Simulation  Model 

(M.A.  Schwarts)* 

Symposium  Wrap-Up  (Milton  A.  Margolis  and  Dr.  Donald  B.  Rice). 
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Costing  Methodology  Handbook 

Directorate  of  Cost  Analysis,  Comptroller  of  the  Army 

Washington,  Department  of  the  Army,  1971,  179  p. 

AD  884  835L. 

Published  (in  conjunction  with  a  revised  AR  37-18)  in  response  to  a  , 
need  expressed  in  the  Weapon  System  Acquisition  Improvement  Program 
to  provide  a  vehicle  for  developing  a  standard  cost  methodology. 
Objectives:  (a)  to  provide  a  better  understanding  of  the  cost 

“stimating/analysis  process,  (b)  to  promote  standardization  in  cost 
analyses,  (c)  to  contribute  to  a  better  cost  analysis  capability 
in  the  Army,  consistent  with  the  objectives  of  the  Army  Cost  Analysis 
Program  (Cf.  AR  11-18).  Part  1:  the  process  of  cost  estimating 
(chapters  1-7);  Part  2:  other  considerations  (chapters  8-10). 

I.  The  Life  Cycle  and  Decision  Points:  concept  formulation;  contract 
definition;  development  and  production;  operations  and  disposal. 

II.  Preliminary  Guidance. 

III.  System  Description  and  Information  Search:  Five  Year  Defense 
Program;  Army  Materiel  Plan;  Army  Force  Planning  Cost  Handbook; 
selected  acquisition  reports;  contractor  reports  and  financial 
records;  Weapon  System  Cost  Data  Handbook;  Development  Concept 
Paper;  Area  Coordination  Paper;  Materiel  Need;  prior  studies. 

IV.  Techniques  of  Costing:  parametric  cost  estimating  (cost/parameter 
relationships,  scatter  diagrams,  regression  models,  least-squares 
estimating,  measuring  errors,  correlation  analyses,  other 
regression  techniques,  learning  curves);  estimating  by  analogy; 
industrial  engineering  approach;  expert  judgment;  program 
stretchouts. 

V.  Measjres  of  Estimate  Validity:  uncertainty  and  risk  (techniques, 
examples);  sensitivity  analysis. 

VI.  Economic  Considerations:  economic  analyses;;  time-phasing; 
inflation;  constant  dollars;  current  year  dollars;  present  value; 
annex  1  (general  instructions  for  inclusion  of  price  escalation 

in  certain  Cost  estimates  for  research  and  development,  procurement, 
and  construction);  annex  2  (instructions  for  calculations  of 
price  escalation  in  the  selected  acquisition  report). 

VII.  Presentation  of  the  Estimate:  general  format  and  instructions  for 
use;  U3  Army  Management  School  Operations  Research/Systems 
Analysis  Executive  Course  -  Check  List,  Briefing  Techniques. 

VIII.  Cost  Growth:  definition,  categories. 

IX.  Cost  Effectiveness. 

X.  A  New  Technique  to  Analyze  RAD  Estimates:  STECPLOT:  problem, 
technique,  explanation,  example,  qualifications  and  extensions. 

Appendix  A.  Modeling  and  Simulation:  types  (iconic,  analog,  symbolic); 
principle  types  of  cost  models;  design  and  use  of  weapon  system  cost 
model. 

Appendix  B.  References. 

Appendix  C.  Glossary. 
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Costs  and  Benefits  in  Mathematical  Programming 
Manne,  A.S. 

Santa  Monica,  The  Rand  Corporation,  1956,  14  p. 

Rand  Memorandum  RM-1785. 

Summary!  ,rln  cooperation  with  members  of  the  US  Military  Air 
Transport  Service  (MATS),  the  author  recently  engaged  in  an  attempt 
to  determine  whether  MATS  airlift  planning  could  be  improved  by  the 
substitution  of  linear  programing  methods  for  trial-and-error  rule- 
of-thumb  methods.  The  experiment,  described  in  some  deal!  in  the 
paper,  was  not  successful,  for  the  following  reasons.  'he  gains 
were  not  spectacular,  being  on  the  order  of  two  or  three  percent  in 
terms  of  the  potential  increase  in  useful  airlift,  from  the  existing 
resources,  and  on  the  order  of  one  day  in  fourteen  in  terms  of 
reduction  of  the  length  of  the  planning  cycle.  The  costs  promised 
to  be  rather  high,  because  to  realize  the  potential  gains  it  would  be 
necessary  to  have  a  guarantee  of  Immediate  access  at  unpredictable, 
times  to  an  expensive  electronic  computing  machine.  Above  all,  the 
lack  of  mathematical  training  among  the  middle  management  group 
makes  it  far  easier  for  an  organization  such  ob  MATS  to  accommodate 
itself  to  trial-and-errcr  methods  rather  than  to  linear  programming 
models." 

I.  Introduction. 

II.  Background  of  the  Study. 

III.  The  Linear  Programming  Model. 

IV.  Variants  upon  the  Standard  Linear  Programming  Model. 

V.  Conclusions  from  One  Experiment. 
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Costs  of  Operation  and  Maintenance  Activities  (Array) i  Techniques  for 
Analysis  and  Estimation 
Phillips,  John  G. 

McLean,  Research  Analysis  Corporation,  19f>7,  77  p. 

Technical  Paper  RAC-TP-242.  AD  811  500. 

The  research  in  this  paper  develops  »t a  method  for  determining 
the  cost  impact  of  proposed  force  changes  on  the  operation  anti 
maintenance,  Army  (DMA)  appropriation  activities.  A  study  of  the 
Army's  financial  accounting  system  structure  and  budget  data  has  been 
made  to  form  a  method  that  will  determine  those  OMA  activitieu  that 
depend  on  force  changes.  For  these  activities  illustrative  cost- 
estimating  relations  (CERs)  are  developed.11 

B'oreward. 

Summary:  Problem;  facts;  discussion;  conclusions. 

Abbreviations. 

I.  Introduction:  purpose;  limitations  of  the  study. 

II.  Method  for  the  Determination  of  Force-Dependent  OMA  Activities 
and  Their  Cost:  the  classification  process;  cost  estimating 
relations. 

III.  Coat  Estimation  and  the  Development  of  OMA  CERs:  introduction; 
summary  of  force-dependent  CERs;  operating  forced,  BP  2000; 
training  activities,  BP  2100;  central  supply  activities,  BP 
2200;  major  overhaul  and  maintenance  of  materiel,  BP  2300; 
medical  activities,  BP  2400;  Army-wide  activities,  BP  2500; 
operation  and  maintenance  of  facilities,  BP  9000. 

Appendix  A.  Supporting  Data  for  Development  of  CFJts. 

Appendix  B.  Reference  Data,  by  Budget  Program. 

References. 

Abstract. 
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Curves i  a  Five-Function  Curve-Fitting  Computer  Program 
Boren,  H. E.  \  : 

Santa,  Motiica,  The  Rand  Corporation,  1968,  83  p.  \ 

Rand  Memorandum  RM-5762-PR.  AD  680-762.  1 

Summary!  "This  Memorandum  destribea  a  FORTRAN-IV  curve-fitting 
computer  prograni  that  has  been  developed  within  the  Rand  Cost  Analysis 
Department.  The  program  makes  least-squares  determine -ions  of  the 
parameters  of  any  of  five  mathematical  functions  selected  by  the 
user,  given  a  set  of  observations  on  the  dependent  and  independent 
variable?  of  Interest.  The  functions  available  in  the  program  are 
the  line,  parabola,  power,  asymptotic-power,  and  exponential.  Up 
to  three  independent  variables  may  te  used  for  the  line  and  power 
functions.  Also,  the  V-intercept  may  be  specified  for  the  line, 
parabola,  or  asymptotic-power  function.  A  discussion  of  the  ! 

characteristics  of  the  functions  is  presented] in  Section  I,  including 
an  examination  of  those  nonlinear  functions  that  require  special  methods 
for  solution.  Also  included1  is  a  brief  discussion  of  the  statistics 
'used  in  the  program.  Specific  details  on  the  operation  of  the  program 
are  presented  in  Section  IT.  This  section  also  treats  the  options 
available  to  the  user.  Program  outputs  are  discussed  in  Section  III. 

For  ,fha  benefit  of  the  reader,  sample  outputs  from  two  runs  are  shown." 

Preface.  > 

Summary,  ] 

List  of  Figures.  .  1  <  ] 

List  of  Tables. 

I.  Introduction!  program  description;  function  types;  function 
characteristics;  nonlinear-least-squares  solutions;  statistical 
considerations. 

II.  Input  Procedures!  title  card;  order  card;  format  card;  scale 
card;  data  cards;  blank  card;  end  card;  summary. 

III.  Program  OutputB. 

Appendix  A.  Nonli'tear-Least-Squorea  Considerations. 

Appendix  B.  Least-Squares  Solution  for  Asymptotic-Power  Function. 
Appendix  C.  Listing  of  Curves  FORTRAN- IV  Computer i Program.  ] 
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Decision  Analysis:  Introductory  Lectures  on  Choices  Under  Uncertainty 

half fa,  Howard 

Reading,  Addlson-Wesley,  1970,  310  p. 

t 

This  approach  prescribes  how  an  individual  who  Is  faced  with  a 

problem  of  choice  under  uncertainty  should  go  about  choosing  a 

course  of  action  that  is  consistent  with  his  personal  basic  Judgments 

and  preferences. 

Introduction. 

I.  Your  Basic  Problem:  fetatement;  variations. 

II.  Analysis  of  Your  Basic  Problem;  data)  expected  monetary  value; 
analysis  of  the  no-exppr iment  alternatives;  the  decision  flow 

1  diagram;  probability  aksessment.s  at  chance  forks;  averaging  out 
and  folding  back;  expected  value  of  perfect  information  and 
opportunity  loss. 

III.  Uncertain  Payoff  and  Biased  Measurements:  sampling  costs; 
value  of  information. 

IV.  Utility  Theory:  use  of  CMEs  in  analysis;  lotteries; 
substitutability;  the  indifference  function  for  money; 
transitivity;  the  maximisation  of  expected  utility;  decreasing 
risk  aversion;  risk  control. 

V.  Use  of  JudgmentaL  Probability:  objective, vagueness;  calibration 
of  subjective  vagueness;  a  consistency  property  for  Judgmental 
probability;  the  additivity  of  Judgmental  P*-measure;  the  ' 
'analysis  6f  the  eo-branch;  the  reduction  of  a  general  lottery; 

'the  revision  of  Judgmental  probabilities. 

VI.  The  Normal  Form  of  Analysis:  strategies;  randomised  strategies; 
choice;  modification  of  a  nonEMV'er;  indifference  curve  analysis; 
the  principle  of  substitution  for  strategies;  choice  of  weights. 

VII.  More  on  the  Economics  of  Sampling.  ; 

VIII.  Risk  Sharing  and  Group  Decisions. 

IX.  The  Art  of  Implementation  and  General  Critique:  the  multi- 
attribute  problem;  assessments  of  several  uncertain  quantities. 

X.  Further  Perspectives  and  a  Guide  to  the  Literature. 

Index. 

The  Data  of  Your  Basic  Problem, 


Decisionmaking  Among  Multiple-Attribute  Alternatives t  a  Survey  and 
Consolidated  Approach 
MacCrimmon,  K.R. 

Santa  Monica,  Th<%  Rand  Corporation,  1968,  63  p. 

Rand  Memorandum  RM-4823-ARPA.  AD  681  005. 

Summary!  "Various  methods  have  been  proposed  to  help  the  decision¬ 
maker  with  multiple-attribute  decisionmaking.  These  range  from 
techniques  which  consider  all  attributes  at  once  to  those  which 
consider  Just  single  attributes,  or  proceed  sequentially  over  single 
attributes.  This  memorandum  critically  reviews  the  assumptions 
underlying  each  approach  and  examines  ita  information  requirements. 

In  addition,  each  method  is  described  both  in  a  general  way  and  using 
a  formal,  abstract  mathematical  repreaentation.  Two  examples,  the 
choice  of  a  weapon  system  and  of  a  space  suit,  are  used  to  illustrate 
the  discussion." 

Preface. 

Summary. 

I.  Introduction!  the  daci a ionmaking  process  (goals,  complexity, 
choosing  among  alternatives  with  many  attributes))  scope  and 
organisation  of  the  memorandum. 

II.  Multiple-Attribute  Decisions!  attributes,  goals,  criteria,  and 
dimensions)  a  military  systems  example)  symbolic  representation. 

III.  Existing  Approaches  to  Multiple-Attribute  Dec  is  ionmaking i  full 
dimensionality  (dominance,  satisfying))  single  dimensionality 
(maximitt,  maximax,  lexicography,  additive  weighting,  effectiveness 
index,  utility  theory))  intermediate  dimensionality  (trade-offs, 
non-metric  scaling,  summary  of  procadures). 

IV.  Extensions  end  Combinations  of  Procedures  for  Multiple-Attribute 
Decision-Making!  uncertainty  in  attribute  valussi  a  subsystems 
example)  eclectic  epproaches  to  the  multiple-attribute  problem 
(combinations  of  approaches,  current  uses  of  multiple-attribute 
method-*). 

Bibliography. 
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Decision-Making  for  Defense 
Hitch*  Chairlei  J. 

Berkley,  University  of  Celifornla*  1965*  63  p. 


"The  first  aeries  of  Garthsr  lectures,  The  first  lectures  trace  the 
evolution  of  the  defense  problemt  the  second  describee  the  purpose  and 
function  of  the  'programming1  system  installed  in  1961,  The  third 
describes  the  efforts  to  apply  the  techniques  of  operations  research 
or  systems  analysis  to  the  problem  of  defense  decision-making, 
particularly  with  regard  to  the  choice  of  weapon  systems  and  the  alloca¬ 
tion  of  resources  among  alternative  forces  and  programs.  The  final 
lecture  attempts  to  evaluate  these  innovations*  to  discuss  the 
unresolved  problems  in  thair  application,  and  to  asaeaa  their  place 
In  the  future." 

I.  1789-1960 

II.  Planning-Programming -Budgeting 
ill.  Coat-Ef fectlvenaes 

IV.  Retrospect  end  Prospect 
Notes. 
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Defense  Management 
Enke,  Stephen 

Engleifood  Cliffs,  Prentice-Ha l L,  1967,  385  p. 

This  book  appraiees  and  describes  various  aspects  of  cost-benefit 
analyoij  of  the  kind  now  widely  practiced  within  the  Department  of 
Defense,  Part  Is  Pentagon  decision  making  (chapters  1-5) t  Part  2: 
cost  effectiveness  applications  (chapters  6-14) j  Part  3;  special 
defense  problems  (chapters  15-20), 

l.  The  Defense  Hesource  Allocation  Process  (William  A.  Niskanen). 
1.1,  The  Annual  Gyelei  Planulng-Programmlng-lkwlgetlng  (Robert  N. 
Crosse  and  Arnold  Proschan). 

III.  Costing  of  Systems  (Norman  V.  Bteekner  and  Joseph  W.  Noah). 

IV.  Remaining  Difficulties  in  Program  Budgeting  (Roland  N,  McKean). 

V.  Cost  Effectiveness  of  Cost  Effectiveness  (Arman  A.  Alchlan). 

VI.  The  Changing  Environment  for  Systems  Analysis  (James  R. 
Schlesinger ) . 

VII .  Central  War  Alternatives  (R. ft.  McMahan,  Jr.  and  D.H.  Taylor). 

VIII.  New  Perspective  in  Civil  Defense  (Herman  Kahn  and  Anthony  J. 
Weiner) . 

IX.  Wobiiity-AIrlift,  Sealift,  and  Prepositioning  (Richard  B. 
Rainey,  Jr.). 

X.  Maintenance  (John  J.  McCall). 

XI.  Procurement  and  Management  of  Spares  (Harrison  S.  Campbell). 

XII.  Incant.lv*  Contracts  (Frederick  T.  Moore). 

XIII.  band  Utiliiation  for  Defense  (Jora  R.  Minaslan). 

XIV.  Military  Manpower  Utilieation  (Harry  J.  Gilman), 

XV.  Research  and  Development  (T.K,  Giwnnan,  Jr.), 

XVI.  Defense  Impacts  on  International  Payments  (Rolf  Plekara). 

XVI I.  Defense  Expenditures  and  the  Domestic  Economy  (Murray  L. 
Weldenbaum) . 

XVIII,  Defense  Decentralisation  Through  Internal  Prices  (Martin  J, 
Bailey). 

XIX,  NATO  Defense  Planningi  the  Political  und  Bureaucratic 
Constraints  (A.W.  Marshall). 

XX,  Military  Asaistance  Programs  (Charles  Wolf,  Jr.). 


Defense  Planning  and  Organisation 
Enthoven,  Alain  and  Henry  Rowen 

Hants  Monica,  the  Rand  Corporation,  1959,  78  p. 

Rand  No.  P-1690. 

This  in  an  exploratory  essay  on  the  organiaation  of  the  Department 
of  Defense,  written  expressly  for  an  audience  of  professional 
economists  land  using,  therefore,  the  technical  language  of  formal 
economic  tlnory).  The  paper  covert)  three  topics:  (1)  the  short¬ 
comings  oi  the  present  orgauiaat ion ,  (2)  the  general  question  ol 
intelligibility  of  defense  allocation  problems,  and  (3)  some 
implications  of  the  principles  discussed  and  a  few  practical  suggestions. 

Prefatory  Note. 

I.  Introduction, 

II.  The  Defense  Economy:  some  views  on  defense  allocation;  conflict 
over  budget  level  and  the  efficiency  of  allocation;  budget 
structure!  organieation  structure  and  decentralisation;  the  lack 
of  permanent  staff. 

III.  Some  Theoretical  Aspects  of  Defense  Organiaation;  Which 
criteria?  Whose  criteria?;  the  multiplicity  of  criteria; 
interactions)  the  significance  of  game  aspects;  the  power 
and  limits  of  analysis. 

IV.  Some  Suggestions  for  Improving  Defense  Organisation;  the  role 
of  the  Secretary  of  Defense;  budgeting  for  missions  and  weapon 
systems)  decentraliaat ion  through  the  use  ol  budgets  and  prices) 
the  defense  reorganisation  of  1958. 

Footnotes . 
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Definitions  of  Expenses  and  Investment  Costs 

Office  of  the  Assistant  Secretary  of  Defense  (Comptroller) 

Washington,  Department  of  Defense,  1966,  10  p. 

DODI  7040.5. 

This  instruction  sets  forth  criteria  and  definitions  to  be  used  in 
(a)  specifying  the  financial  contents  of  the  program  elements  in 
the  Five  Year  Defense  Program,  (b)  defining  the  financial  contents 
of  those  accounts  that  make  up  the  Defense  budget,  and  (c)  defining 
the  financial  contents  of  the  accounts  that  comprise  the  Department 
of  Defense  management  accounting  system. 

I.  Purpose. 

II.  Applicability. 

III.  Basic  Distinction  Between  Expenses  and  Investment  Costs. 

IV.  Expenses. 

V.  Investment  Costs. 

VI.  Conditional  Cases. 

VII.  Implementation  and  Effective  Date. 

Enclosure  1.  Investment  Cost  Decision  Diagram. 

Enclosure  2.  Special  Guidance  Concerning  Real  Property. 
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Derivation  of  Estimating  Relationships)  an  Illustrative  Example 
Fisher,  G.H. 

Santa  Monica,  The  Rand  Corporation,  1962,  83  p. 

Rand  Memorandum,  RM-3366-PR. 

This  memorandum  was  prepared  for  a  course  in  military  systems  cost 
analysis  concepts  and  techniques,  offered  by  the  Air  Force  Systems 
Command.  It  presents  illustrative  examples  of  how  statistical 
regression  analysis  may  be  used  to  derive  estimating  relationships 
front  historical  data.  Examples  of  simple  linear  regression, 
logarithmic  linear  regression,  second  degree  regression,  and  multiple 
linear  regression  analyses  are  presented  and  discussed. 

Preface. 

Summary. 

I*  Introduction. 

II.  Statement  of  the  Problem. 

III.  Linear  Normal  Regression  Analysis  of  Initial  Tooling  Cost  as 
a  Function  of  Airframe  Weight. 

IV.  A  Curvilinear  Analysis!  Logarithmic  Regression. 

V.  A  Curvilinear  Analysis)  Second  Degree  Equation. 

VI.  A  Multiple  Regression  Analysis. 

Appendix  A.  Derivation  of  the  Normal  Equations  for  a  Linear  Normal 
Regression. 

Appendix  B.  Student  Problem  in  Simple  Linear  Regression  Analysis. 
Appendix  C.  Student  Problem  in  Curvilinear  Regression  Analysis. 
Appendix  D.  Student  Problem  in  Multiple  Regression  Analysis. 
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The  Development  and  Application  of  a  Procedure  for  Estimating  the 
Economic  Life  of  Weapons  Systems 
Eastman,  Samuel  Ewer  and  William  K.  Scheirer 

Washington,  Department  of  the  Army  (Directorate  of  Cost  Analysis, 
Comptroller  of  the  Army),  1970,  38  p.  AD  711  115. 

,!The  research  work  herein  was  undertaken  to  assist  in  the  implementation 
of  Army  Regulation  No.  37-13,  'Financial  Administration,  Economic 
Analysis  of  Proposed  Artsy  Investment s.  *  .  .  .  The  approach  to  the 
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Oeterminut  ;yn  of  L’se/ul  Lite  t>>  the  l’>  IttHwrti  Appilcabl  l  If  s 
to  mil.  I  tar  v  weapons  systems;  the  economic  life  cl  nil  its:-, 
weapons  systems  determined  from  technical  change. 

Definitions  of  Economic  Lit*  from  Economic  Theory. 


V.  Applications  of  the  Cost  Ml n in l sal lorn  (with  Replacement). 
Technical  Appendix:  Cost  Minimisation  Model:  Parts  Coat  Functions 
and  Odometer  Settings;  Expected  Depot  Overhaul  Costs. 
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Development  Gout  Kstimating  Survey 
Teak  3 


Cambridge,  Management  Systems  Corporation,  1963,  124  p. 

AD  408  987. 

This  report  documents  a  survey  of  development  cost  estimating 
techniques  and  sources  of  pertinent  data  on  past  weapon  systems.  It 
catalogues  and  codifies  most,  of  the  valuable  Information  on  this 
subject  and  outlines  the  sources  of  appropriate  historical  data.  In 
addition,  the  r,irvey  provides  a  basis  for  defining  the  analytical  and 
data  collection  program  to  follow. 

I.  Summary)  objectives,  results. 

II.  Conclusions  and  Recommendations, 

III.  Discussioni  general)  historical  data  sources)  cost-estimating 
techniques;  cost  estimating  relationships)  approach  to  future 
data  analysis. 

Appendix  1.  Bibliography. 

Appendix  2,  Selected  Report  Abstracts. 

Appendix  3.  Sources  Contacted,  Sept.  27  to  Dec.  14,  1962. 

Appendix  4.  Summary  of  Coat  estimating  Relationships. 

Appendix  5.  Data  Collection  Formats. 

Appendix  6.  Teak  Statement. 


Differential  Games!  A  Mathematical  Theory  with  Application*  to 
Warfare  and  Pursuit,  Control  and  Optimisation 
Isaacs,  Rufus 

New  York,  John  Wiley  and  Bone,  1963,  384  p, 


"TM*  work  covers  the  nature  and  scope  of  differential  games,  discrete 

models,  formal  mathematical  mold,  and  detailed  explanations  of  the 

solutions.  The  primary  emphasis  is  on  military  applications." 

I.  An  Introduction:  the  theory  of  games}  the  state  and  control 

variables)  battle  games)  games  with  moving  craft)  pursuit  games) 
games  of  kind  and  parses  of  degree)  strategies)  dogfights,  firing 
games,  programming,  and  athletics)  a  perspective  on  precision)  a 
perspective  on  progress. 

II.  Definitions,  Formulation,  and  Assumptions!  the  kinematic 
situation)  the  realistic  and  reduced  space)  termination  of  the 
gamei  the  payoff)  games  of  kind  and  games  of  degree)  strategies) 
cenonisstlon  on  circular  vsctogramst  a  lemma  on  circular  vactograma. 

III.  Discrete  Differential  Gamas i  the  general  discrete  game)  battle* 
of  extinction)  quasi-discrete  games. 

IV.  The  Basic  Mathematics  and  the  Solution  Technique  in  the  Small) 
the  nature  of  a  solution)  the  main  equation)  semlparmeable 
surfaces  end  a  second  derivation  of  the  main  equation)  the 
verification  theorem)  the  path  equations)  the  retrogression 
principle)  the  initial  conditions. 

V.  Examples. 

VI.  Efferent  or  Dispersal  Surfaces!  singular  aurfecesi  dispersal 
surfaces)  the  question  of  the  perpetuated  dilemma)  the  geometric 
method  for  simple  pursuit  games  of  kind)  the  existence  of  the 
perpetuated  dilemma. 

VII.  Afferent  or  Universal  Surfaces!  with  null  lntegr  'tth  1  Inner 
vectograms)  the  analytic  necessary  condition  for  a  ..tear 
vectogram  type  universal  service)  the  workable  condition  when 
n™3)  the  caIcuIu*  of  variations  viewpoint)  ell  strategies  optimal) 
the  workable  criterion  when  n*4)  e  test  for  a  void)  test  for  a 
transition  surface)  relation  to  Euler  equatloni  restoration  of  the 
totality  of  control  variables)  semlunlvaraal  surfaces. 

VIII.  Games  of  Kindi  the  barrier  concept i  the  construction  of  semi- 
permeable  aurfacasi  termination  of  barriers)  construction  of 
the  barrier)  fusion  of  games  of  kind  end  degree. 

IX.  Examples  of  Games  of  Kind. 

X.  Equivocal  Surfaces  end  the  Homicidal  Chauffeur  Gamei  geometric 
solution)  primary  solution)  the  universal  curve  end  its  tributaries) 
equivocal  surfaces)  appendix. 

XI.  The  application  to  Warfare!  game  theory  and  war)  the  available 
techniques)  types  of  applications)  problems  of  formulation)  some 
pitfalls. 
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Xtl.  Toward  a  Theory  with  Incomplete  Information!  search  games  with 
immobile  hidersi  with  mobile  hiderst  the  Iraprotence  of  approxi¬ 
mations)  the  chanclfylng  method)  appendices. 

References. 

Index. 
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The  Discount  Rate  in  the  Non-Market.  Context 
Franks,  Francis  John 

Monterey,  Naval  Postgraduate  School,  1968,  47  p. 

AD  832  903. 

Abstract:  "Systems  Analysis  uses  many  disciplines  and  sophisticated 
techniques  to  determine  the  relative  effectiveness  of  alternate 
systems.  This  relationship  can  then  be  reversed  by  an  arbitrary 
choice  of  a  discount  rate.  In  the  private  sector,  the  discount 
rate  is  determined  by  the  cost  of  capital.  In  thfl  public  sector, 
the  coat  of  acquiring  the  capital  is  not  clearly  defined.  The 
following  proposala  for  the  interest  rate  in  the  public  sector  are 
considered:  (1)  the  government  bond  rates  (2)  the  rate  of  growth  of 
the  national  products  and  (3)  a  rate  derived  from  the  average  rate  of 
return  In  the  private  sector.  It  is  concluded  that  the  interest  rate 
in  the  private  sector  lies  between  4.75  and  10  percent.  The  clrcum- 
stancea  which  generate  uncertainty  and  the  means  of  handling  this 
uncertainty  are  also  discussed.  A  procedure  is  recommended  which 
modifies  the  difference  between  expected  costs  to  make  them  equally 
significant,  Particular  attention  is  focused  on  uncertainty  occasioned 
by  changing  technology  and  the  probabllty  of  war.  It  Is  concluded 
that  a  unique  est imate  of  the  risk  component  is  indeterminate  and  that 
uncertainty  should  be  considered  in  the  context  of  the  specific 
systems  under  consideration." 

I.  Introduction. 

II.  Opportunity  Costs:  the  interest  rate)  the  bond  rate;  growth  rate 
of  the  national  product)  the  rate  of  return  in  the  private  sector. 

III.  Uncertainty:  factors  generating  uncertainty)  meanB  of  handling 
uncertainty)  statistical  analysis. 

IV.  Summary. 

Bibliography. 

Appendix  A.  Average  Rates  of  Return  in  the  Private  and  Public  Sectors. 
Appendix  B.  Sensitivity  Analysis. 
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Discount  Rates  and  Procedures  to  be  Used  in  Evaluating  Deferred  Costs 
and  Benefits 
Bureau  of  the  Budget 

Washington,  Executive  Office  of  the  President,  1969,  7  p. 

BOB  Circular  A-94. 

This  circular  prescribes  standard  discount  rates  and  procedures?  to  be 
used  in  evaluating  the  measurable  coBt,  benefits.,  or  outputs  of 
programs  or  projects  when  these  costs,  benefits,  or  outputs  occur 
over  time  and  when  they  can  be  estimated. 

I.  Purpose. 

II.  Scope. 

III.  Agency  Coverage, 

IV.  Preparation  and  Presentation:  expected  yearly  costt  expected 
yearly  benefit}  expect  ad  yearly  output)  discount  rate}  discount 
factor)  preaent  value  cost)  present  value  benefit)  present  value 
output)  preaent  value  net  benefit;  benefit-cost  ratio)  output- 
coat  ratio)  internal  rate  of  return. 

V.  Discount  Rate  Policy. 

VI.  Uncertainty  and  Risk. 

VII.  Interpretation. 

VIII.  Effective  Date. 

Attachment  A.  Sample  Format  for  Discounting  Deferred  Costs  and 
Benefits. 

Attachment  B.  Discount  Factors. 
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Discounting  in  Military^;  Coet-Effactivenesa  Studies 
Stone,  Donald  R. 


Monterey,  Naval  Postgraduate  School, 
AD  475  334,  (  ] 


196$,  42  p. 


I 


Thesis  abstract!  "Discounting  is  a  means  of  assigning  different 
weights  to  costs  expected  to  be  incurred  in  different  future  time 
periods.  Such  costs  ere  a  vital  element  of  cost-effectiveness  studies, 
which  under  present  DOD  policy  provide  the  primary  basis  for  military 
procurement  and  force  structure  decision  making.  The  discounting 
process  is  reviewed,  and  an  attempt  is  made  to  identify  qualitatively 
the  factors  which  should  determine  the  discount  rate  to  be  used  by  DOD 
cost-effectiveness  studies.  These  factors  are  separated  lnto\two 
groups!  those  which  apply  to  cost-effectiveness  studies  of  all  types 
of  weapons  systems,  and  those  which  depend  upon  the  type  of  system 
being  consldored.  Finally  the  manner  of  presenting  the  results  of  the 
diecountlng  process  to, the  decision  maker  is  discussed.'" 

i  '  \ 

I.  Introduction.  j 

II.  Cost-Effectiveness  Studies. 

III.  The  Diecountlng  Process. 

IV.  Tht  Normative  Component.  ' 

V.  The  Rlek  Component. 

VI.  Presentation  of  Rasulte. 


« 
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"Discounting  In  Systems  Cost  Analysis" 

Cownie,  John 

Washington,  DC,  Office  of  the  Assistant  Secretary  of  Defense  (SA) 

]  Economics,  19  September  1967,  15  p. 

1  \  \ 

"The  purpose  of  this  paper  is  to  specify  the  costs  wlhich  are  relevant 

in  the  comparison  of  defense  systems t  in  particular,  It  will  be 
stressed  that  if  cost  streams  whlcn  are  spread  over  time  are  to  be 
compared,  some  sort  of  discounting  procedure  must  be  used." 

introduction. 

The  Costs  of  Defense. 

Systems  Costs  and  Discounting. 

Discounting  in  Business  Decisions. 

Discounting  Defense  Expenditures. 

Present  Values  and  Future  Values. 

The  Significance  of  Discounting. 
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Thin  page  la  reserved  to  describe  the  MD  Handbook  for  Economic 
Analysis  at  such  time  as  it  ii  published. 
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Dynamic  Programming 

Bellman,  Richard 

Princeton,  Princeton  University  Pr«9s,  1936,  342  p.,  Rand  No.  R-295. 

"The  purpose  of  this  work  is  to  provide  an  introduction  to  the 
mathematical  theory  of  multistage  decision  processes."  Biblio¬ 
graphies  follow  each  chapter. 

Preface. 

I.  A  Multi-Stage  Allocation  Process:  functional  equation  approach! 
a  multi-dimensional  maximization  problem}  a  smoothing  problem; 
infinite  stage  approximation;  existence  and  uniqueness  theorems; 
approximation  in  policy  9pace;  convexity,  concavity;  time-dependent 
processes;  multi-activity  processes;  multi -dimensional  structure 
theorems;  continuity  and  memory:  stochastic  allocation  processes; 
functional  equations;  Stieltjes  integrals. 

II.  A  Stochastic  Multi-Stage  Decision  Process;  stochastic  gold  mining; 
enumerutlvr  treatment;  infinite  stage  approximation;  existence 

and  uniqueness;  a  finite  number  of  stages;  a  three-choice  problem; 
a  stability  theorem. 

III.  The  Structure  of  Dynamic  Programming  Processes;  the  principle 

of  optimality;  discrete  deterministic,  stochastic,  and  continuous 
deterministic  processes;  causality  and  optimality;  approximation 
in  policy  space. 

IV.  Existence  and  Uniqueness  Theorems;  equations  of  type  one,  two, 
and  three;  monotone  convergence;  stability  theorems;  an  optimal 
inventory  equation. 

V.  The  Optimal  Inventory  Equation. 

VI.  Bottleneck  Problems  in  Multi-Stage  Production  Processes. 

VII.  Bottleneck  Problems;  Examples. 

VIII.  A  Continuous  Stochastic  Decision  Process;  continuous  versions; 
derivation  of  the  differential  equations;  the  variational 
procedure;  solution  for  finite  total  time;  mixed  policies; 
solution  for  infinite  time;  nonlinear  utility, 

IX.  A  New  Formalism  in  the  Calculus  of  Variations. 

X.  Multi-Stage  Games;  single-stage  discrete  game;  min-max  theory; 
continuoua  games;  finite  resources;  games  of  survival;  pursuit 
games;  a  basic  lemma;  existence  and  uniqueness;  proof  of  results; 
non-sero-sum  games. 

XI.  Markovian  Decision  Processes!  a  lemma;  existence  and  uniqueness; 
Rlccati  equation;  approximation  in  policy  space;  discrete 
versions;  recurrence  relation;  min-max;  generalisation  of  a 
VonNeumann  resul? 

Index  of  Applications. 

Name  and  Subject  Index. 
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Dynamic  Programming i  a  Bibliography  of  Theory  and  Application 

Bellman,  Richard  and  Rebecca  Karush 

Santa  Monica,  The  Rand  Corporation,  1964,  140  p. 

Rand  Memorandum  RM-3951-FR. 

Preface* 

Bibllof.  hy  of  Papers,  1946-1963  (alphabetically  by  author). 

Bibliogirphy  of  Books,  1950-1963  (alphabetically  by  author). 

Author  ]  tdex  (Books). 

Author  Index  (Papers). 

Subject  Index:  allocation  processes!  calculus  of  variations! 

communications  and  information  theory!  control  processes!  equipment 
replacement  and  inventory  theoryj  game  theoryj  maximisation  and 
minimisation!  multistage  production  and  scheduling  theory!  optimal 
routing  and  trajectory  theory!  mathematical  physicsj  reliability! 
search  processes:  sequential  analysis;  transportation  processes! 
stochastic  variational  processes}  adaptive  processes!  analytic 
results)  computational  aspects}  surveys. 

Abbreviations. 


Dynamic  Programming  and  Che  Calculus  of  Variations 
Dreyfus,  Stuart  E. 

Santa  Monica,  the  Rand  Corporation,  1965,  511  p. 

Rand  No.  R-441-PR.  AD  468  205  and  AD  470  877. 

Abstract:  "A  demonstration  of  the  relationships  between  the  calculus 
of  variations,  a  mathematical  discipline  concerning  certain  problems 
of  optimization  theory,  and  dynamic  programming,  a  newer  mathematical 
approach  to  optimization  problems.  In  addition  to  explaining  anJ 
contrasting  the  two  approaches,  the  report  shows  that  many  results 
of  the  calculus  of  variations  become  simple  and  intuitively  apparent 
when  examined  from  the  dynamic  programming  viewpoint.  In  emphasizing 
the  geometrical  and  physical  insight  afforded  by  this  approach,  the 
study  shows  how  these  techniques  can  bo  applied,  for  instance  to 
stochastic  and  adaptive  variational  problems.  It  can  be  used  in  the 
study  of  dynamic  programming  and  other  new  mathematical  formalisms! 
in  optimal  control  problems,  such  ss  the  determination  of  rocket 
trajectories,  the  correction  of  launch  errors  and  inflight  disturbances 
of  spacecraft)  and  in  the  problems  of  optimal  control  found  in 
economics,  biology,  and  the  social  sciences." 

Preface. 

Summary. 

I.  Discrete  Dynamic  Programming. 

II.  The  Classical  Variational  Theory. 

III.  The  Simplest  Problem. 

IV.  The  Problem  of  Mayer. 

V.  Inequality  Constraints. 

VI.  Problems  with  Special  Linear  Structures. 

VII.  Stochastic  and  Adaptive  Optimisation  Problems. 

Bibliography. 

Index. 
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Dynamic  Programming,  System  Identification,  and  Suboptimisation 
Bellman,  Richard 

Santa  Monica,  The  Rand  Corporation,  1965,  13  p, 

Rand  Memorandum  RM-4593-PR.  AD  616  780. 

Abstract:  ^A  discussion  of  the  mathematical  technique  of  dynamic 
programming  to  obtain  a  best-fit  approximation  to  a  function  that  la 
defined  over  some  given  interval.  The  author  describes  the  use  of 
this  method  as  an  approach  to  the  handling  of  a  particular  type  of 
pattern-recognition  problem  and  to  the  approximation  of  optimal 
control  policies. ,f 

Preface. 

Summary. 

I.  Introduction. 

II.  Adaptive  Curve  Fitting. 

1X1.  Discussion. 

XV.  Identification  of  Systems. 

V.  Suboptimisation. 

VI.  Reduction  of  Dimensionality. 

References. 
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Economic  Analysis 
Working  Paper 

Norfolk,  Armed  Forces  Staff  College,  1971,  523  p. 

This  draft  volume  Is  a  working  paper  and  is  being  developed  as  a 
first  source  reference  In  support  of  Department  of  Defense 
Instruction  7041.3.  The  additional  references  and  bibliography  are 
not  Included  in  the  draft,  but  will  be  included  in  the  Final  hard 
copy. 

I.  Economic  Analysis:  definitions;  discussion;  techniques;  D0D1 
7041.3;  article  from  Armed  Forces  Management. 

II.  Accounting,  Financial  Management:  roles  of  financial  executive; 
primary  functions;  secondary  functions;  organisational  processes; 
managerial  accounting;  analysis  of  funds;  budgeting;  financial 
management  in  government  and  business;  the  profit  motive. 

III.  Analog  Method  of  Cost  Estimation. 

IV.  Benefit-Cost  Analysis:  problem;  background;  tradeoffs. 

V.  Correlation  Analysis. 

VI.  Cost-Effectiveness  Analysis:  definitions;  background;  marginal 
utility  of  weapon  systems;  contributions  by  analysts. 

VII.  Cost-Estimating  Relations. 

VIII.  Critical  Path  Method:  military  planning;  wide  application; 
basic  procedures;  compress  schedule;  complicating  elements. 

IX.  Delphi  Method. 

X.  Engineering  Method  of  Cost  Estimation. 

XI.  Discounting:  planning  capital  acquisitions;  general  framework 
of  analysis;  estimating  the  variables;  other  methods;  reference 
problems. 

XII.  Gaming. 

XIII.  Linear  Programming:  preliminary  remarks;  graphical  solution; 
linear  programming. 

XIV.  Marginal  Analysis:  theory  of  production  and  marginal  products; 

demands  for  factors  (derived,  interdependent);  the  production 
function;  marginal  products  (defined,  as  solution  to  distribu¬ 
tion);  maximising  profit;  graphical  depiction;  law  of  diminishing 
marginal  physical  product;  least  cost. 

XV.  Modeling:  nature;  design  and  use;  types;  evaluation;  advantages. 

XVI.  Monte  Carlo  Techniques. 

XVII.  Operations  Research:  origin;  basic  concepts;  methods;  future; 
examples. 

XVIII.  PERT:  principles  and  applications;  techniques. 

XIX.  Probability  Theory. 

XX.  Quantitative  Analysis:  systems  approach;  scientific  method; 

uncertainty;  objectives;  alternatives;  costs;  models;  criteria; 
readings. 

XXI.  Queuing. 
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XXII.  Regression  Analysis. 

XXIII.  Sensitivity  Analysis. 

XXIV.  Simulat 'on. 

XXV.  Statistical  Inference. 

XXVX.  Systems  Analysis:  background;  principles  and  procedures. 
XXVII.  Productivity  Accounting. 
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Economic  Analysis  and  Military  Resource  Allocation 
Smith,  T.  Arthur,  ed. 

Washington,  Department  of  the  Army  (Office,  Comptroller  of  the  Army), 
1968,  182  p. ,  AD  841  253. 

"this  volume  considers  the  decision  process  in  the  Department  of 
Defense  and  its  impact  on  Army  plans.  The  role  ot  Army  plans  is  then 
addressed  in  terms  of  the  economic  decisions  that  must  be  made  and 
the  form  and  types  of  economic  analysis  ived  to  support  these  decisions. 
Where  methodology  is  developed,  general  models  are  described  and  their 
implications  discussed.  This  is  the  case  in  the  development  of  resource 
Impact  models  for  use  in  force  planning  and  the  development  of  resource 
projects  for  hardware  systems.  In  other  Instances,  such  as  logistics 
areas,  maintenance  and  reliability  considerations,  and  the  broader 
aspects  of  life  cycle  costing,  model  development  has  not  reached  that 
general  state.  In  these  cases,  the  discussion  centers  on  the  impact 
of  policy  on  resource  acquisition  and  utilisation  and  available 
methodological  techniques.  In  all  instances,  the  cost  side  of  the 
cost-effectiveness  equation  is  stressed.  This  emphasis  la  a  reflection 
of  the  primary  intent  of  the  aeries,  the  improvement  of  training  and 
the  development  of  communications  within  the  cost  analysis  community. 11 

Introduction  (T.  Arthur  Smith). 

Economic  Analysis  and  Military  Resource  Allocation  (T.  Arthur  Smith). 
Economic  Analysis  of  the  Army  Logistics  System  (Rex  Brugh). 

Peacetime  and  Wartime  CostB  in  Cost  Effectiveness  Analysis  (John 
McClelland). 

Army  Force  Cost  Models  -  An  Example  (T.  Arthur  Smith). 

Whither  Life-Cycle  Gout?  (Arnold  F.  Klick), 

A  Method  for  Relating  Combat  Vohicle  Operating  and  Maintenance  Co'sts 
to  Reliability  and  Maintainability  Goals  (R.J.  Byer,  C.F.  Bloasan, 

W.T,  Towles). 

Management  and  the  Systems  Analysis  Mystique  (Paul  L.  Peck,  Jr.). 

Cost  Estimations  for  Conceptual  Systems  (David  0.  Cochran). 

Vehicle  Cost  Model  (Johvi  L.  Hamilton). 

Cost  Analysis  Methodology  for  T53  and  T35  Turbine  Engines  (John  L. 
Hamilton  &  James  T.  Wormiey  . 


Economic  Analysis  for  Engineering  and  Managerial  Decision-Making 
flarish,  Norman  N. 

Now  York,  McGraw-Hill,  1962,  729  p, 

"This  book  is  directed  to  persons  who  are  concerned  with  economic 
analyses  and  aims  to  present  the  basic  reasoning  and  methodology  of 
various  disciplines  which  are  important  in  decision-making.  It  is 
designed  to  be  practical  rather  than  theoretical.  It  is  technique- 
oriented.  Mathematical  symbolism  is  kept  as  simple  as  possible  and 
derivations  or  proofs  are  presented  only  if  they  me  simple  and  will 
illustrate  the  subject  matter."  Pert  1:  engineering  and  business 
decision-making  (chapters  1,2);  Part  2:  costs  (chapters  3-8);  Part  3: 
methods  for  tangible  evaluation  oi  alternatives  (chapters  9-12); 

Part  4:  capital  management  (chapters  13-17);  Part  5s  determinations 
of  minimum  cost  and  maximum  profit  (chapters  18,  19);  Part  6:  risk, 
uncertainty,  and  intangibles  (chapters  20-27);  Part  7s  elements  of 
economic  measurement,  analysis,  and  forecasting  (chapters  28-35). 

I.  Introduction. 

II.  Objectives  and  Criteria  for  Engineering  and  Business  Decisions. 

III.  The  Cost  of  Operating  an  Enterprise. 

IV.  Cost  Concepts  for  Decision-Making. 

V.  Interest  and  Time  Value  of  Money. 

VI.  Depreciation. 

VII.  Profits,  Interest,  and  Return  on  Investments. 

VIII.  Income  Taxes. 

IX.  Annual -Cost  Comparisons. 

X.  Present-Worth  and  Premium-Worth  Comparisons. 

XI.  Determination  of  Rate  of  Return. 

XII.  Determinations  of  Equal  Cost  and  Payout. 

XIII.  Capital  Investment  and  Theory  of  Planning. 

XIV.  The  Enterprise's  Assets  and  Sources  of  funds. 

XV.  Sources  of  Future  Capital  Funds. 

XVI.  Capital  Planning  and  Budgeting. 

XVII.  The  Economy  of  Replacement  and  Retirement  (Economic  Life). 
XVlIl.  Minimum-Cost.  Functional  Relationships. 

XIX.  Programming  for  Minimum  Cost  of  Maximum  Profit. 

XX.  Risk,  Uncertainty,  and  InLnngibles. 

XXI.  Descriptive  Statistics,  Probability,  and  Expected  Costs. 

XXII.  Probability  Distributions. 

XXIII.  Sampling  and  Confidence  Limits, 

XXIV.  Model  Building  and  Simulation. 

XXV.  Simulating  Risk  (Monte  Carlo  Technique). 

XXVI.  Waiting-time  (Queuing)  Evaluations. 

XXVII,  Evaluating  intangibles, 

XXVIII.  Economics  ot  the  Firm. 

XXIX.  Measures  of  Economic  Activity. 

XXX.  Time-series  Analyses. 

XXXI.  Regression  and  Correlation  Analysis. 
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X XXIX .  Econometric  Models,  Demand  Analysis,  end  Sales  Forecasting. 

XXXIII.  Short-run  Cost  Relationships. 

XXIV .  Break-even  Analysis  for  Profit  Planning. 

XXXV,  Long-run  Cost  Variations  (Scale  of  Operations). 

Appendix! 

Tablest  Vfc  Interest  factors)  1%  interest  factorst  2%  interest 
factors)  3%  interest  factors)  47.  interest  factors)  57.  Interest 
factors)  67.  interest  factors)  87.  interest  factors)  107,  interest 
factors)  127.  interest  factors)  157.  interest  factors)  207. 
interest  factors;  257.  interest  factors)  307.  interest  factors) 

407.  Interest  factors)  507.  interest  factors)  uniform-gradient 
conversion  factors  (values  of  factors  to  convert  a  uniform 
gradient,  gt  to  an  equivalent  uniform  payment,  R ) t  areas  under 
the  normal  curve)  student's  t  distribution)  random  digits) 
random  normal  numbers  (Gaussian  deviates). 

Charts!  single-payment  compound-amount  factors  for  various  interest 
rates  from  V/.  to  507. )  single-payment  present-worth  factors  for 
various  interest  rates  from  V/,  to  507.)  uniform-aeries  compound- 
amount  factors  for  various  Interest  rates  from  ¥/.  to  507.) 
sinking-fund  payment  factors  for  various  interest  rates  from 
to  507.1  capital-recovery  factors  for  various  interest  rates 
from  V/«  to  50*4)  uniform-series  present-worth  factors  for  various 
Interest  rates  from  V/>  to  507.)  curves  for  determining  probability 
of  observing  d  or  leas  Poiaaon  occurrences  In  a  sample  selected 
from  a  population  having  an  average  of  c  occurences  per  unit  of 
apace  or  time. 
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Economic  Analysis  of  the  Integrated  Facilities  System  (IFS) 

Noah,  Joseph  W. ;  Robert  P.  Cat da tone;  Carl  R.  Uilbourn 

Washington,  Planning  Research  Corporation,  1969,  101  p. 

PRC  R-1209,  Volume  IX,  AD  872  133L. 

Summary!  "The  economic  analysis  of  the  IFS  addresses  the  total 
resource  requirements  and  benefits  associated  with  the  development, 
implementation,  and  operation  of  a  CONUS-wide  system.  The  study 
results  provide  information  to  assess  the  impact  of  IFS  on  Army 
resources,  and  to  indicate  the  magnitude  of  benefits  that  will 
accrue  to  the  Army  from  IFS.  The  economic  analysis  should  be  viewed 
as  a  tentative  effort. 

I.  Introduction:  purpose;  summary;  report  organisation. 

II.  Methodology:  cost-benefit  analysis;  limitations. 

III.  Development  of  Resource  Implications  of  IFS:  functional 
resource  implications;  ADP  resource  implications;  total  costs. 

IV.  Potential  Benefits:  general;  benefits  measured;  benefits  not 
measured. 

V.  Cost-Benefit  Comparison:  general;  conclusions. 


Economic  Analysis  of  Proposed  Army  Investments 

Headquarters,  Department  of  the  Army 

Washington,  Department  of  the  Army,  1969,  23  p. 

AR  37-13. 

I.  General  Policies  for  Proposed  Investments:  general  (purpose, 
scope  and  applicability,  explanation  of  terns,  objectives, 
policies,  responsibilities,  references);  concepts  (time  period 
covered  by  an  economic  analysis,  present  value,  discount  rate, 
uncertainty,  adjustment  for  inflationary  trends). 

II.  Investment  Proposals  for  Weapon  Systems  and  Research  Projects! 
general;  application  to  weapon  system  application  to  research 
projects;  exceptions. 

III.  Administrative  Instructions!  general;  preparation  of  Format  A; 
preparation  of  Format  A-l;  Preparation  of  Format  B, 

Appendix.  Definition  of  Terms. 


Economic  Analysis  of  Proposed  AWC  Investments  and  Other  Resource  1 * 111 * V. VI. VII. 
Management  Programs 
Headquarters*  Army  Weapons  Command 

\ 

Washington,  Army  Weapons  Command ,  1970,  11  p, 

AWCR  11-20. 

This  regulation  implements  AH  17-13  and  AMCR  11-3A  and  prescribes 
supplemental  policy,  responsibilities,  and  procedures  to  be  employed 
in  applying  economic  analysis  to  the  US  Army  Weapons  Command  decision 
process . 

I.  Purpose. 

1.1,  Scope. 

111.  General.  ' 

TV,  Objeetiver. 

V.  Policy.  \ 

VI.  Responsibilities., 

VII.  Procedures. 

VUl.  References. 


Economic  Analysis  of  Proposed  Department  of  Defense  Investments 
Headquarters,  Department  of  the  Air  force 

Washington,  Department  of  the  Air  Force,  1969,  46  p. 

AFR  172-2, 

This  regulation  Is  applicable  to  all  commands  and  separate  operating 
agencies.  It  implements  the  attached  DOD  Instruction  7041.3  and 
requires  the  preparation  and  evaluation  of  economic  analyses  on 
proposed  Air  Force  Investments  meeting  certain  criteria.  It 
entourages  the  submission  of  an  economic  analysis  when  It  has 
significant  impact  on  budget  justification.  It  prescribes  the 
necessary  policy,  procedures  and  assignment  ol  responsibilities 
necessary  for  the  evaluation  of  economic  aspects  of  proposed  Invest¬ 
ments. 

I.  Background. 

II.  Purposes. 

III.  Applicability  and  Scope. 

IV.  Explanation  of  Tarms. 

V.  Policy  on  the  Use  of  Economic  Analysis  in  Investment  Decisions. 

VI.  Procedures  for  Preparing  and  Submitting  Economic  Analysen. 

VII.  Responsibilities  of  HQ  USAF  Directorate  of  Budget. 

Vlli.  Other  HQ  USAF  Office  Responsibilities. 

IX.  Command  Operating  Agency  Responsibilities. 

Attachment  1.  References  and  Related  Directives. 

Attachment  2.  DOD  Instruction  7041.3,  26  February  1969,  and 
Change  1,  26  March  1969. 


Economic  Analysis  of  Proponed  Department  of  Defense  Investments 
Office  of  the  Assistant  Secretary  of  Defense  (Comptroller) 

Washington,  Department  of  Defense,  1969,  AO  p. 

DOD1  7041.3. 

This  instruction  establishes  policy  and  procedures  for  consistent 
application  of  economic  analysis  to  proposed  Department  of  Defense 
investment  projects. 

I.  Purpose  and  Objectives. 

II.  Policy* 

III.  Applicability  and  Scope. 

IV.  Definitions. 

V.  Procedures)  general  (equal  benefits,  equal  cost,  both  unequal)! 
time  periods  covered!  present  valuet  discount  rate)  uncertainty t 
adjustments  for  Inflation!  criteria  for  recommending  and  selecting 
Investment*!  preparation  and  submission  ol  tnviacment  proposals. 

VI.  Effective  Date  and  Implementation. 

Enclosure  1.  References. 

Enclosure  2,  Definitions. 

Enclosure  3.  Instructions  for  Preparing  formats  A,  A- 1 ,  and  B  - 
Summary  of  Project  Costs  and  Benefit  si  general i  format  A| 
format  A-lt  format  R|  projec*  year  discount  factors. 

Enclosure  A.  Techniques  of  Economic  Analysiei  general!  use  of  the 
present  value  (discounting)  technique. 
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Economic  Analysis  of  Proposed  Department:  of  the  Navy  Investments 
Office  of  the  Cectetary  of  the  Navy 

Washington,  Department-  of  thp  Ncvy,  1. 9 ? 0 ,  AO  p. 

SECNAVINS1  70C0.1A. 

This  instruction  implement!  DCD  Instruction  on  Economic  Analysts  of 
Proposed  (H)D  Investments,  and  establishes  policy  and  procedure  for 
consistent  application  of  economic  analysis. 

References. 

I.  Purpose. 

II.  Cancellation. 

III.  Ghjeettvss. 
iv.  Policy. 

V,  Applicability  and  Scope. 

VI,  Definitions. 

VII,  Procedures. 

Enclosure  1.  Definitions. 

Enclosure  2.  Instructions  for  Preparing  formate  A,  A-l,  and  n  - 
Summary  of  Project  Coats  and  Benefits. 

Enclosure  3.  Technique*  of  Economic  Analysis. 
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Economic  Analyaia  of  Public.  Investment  Declalonai  Intereat  Rato 
Policy  and  Discounting  Analyaia 
Subcommittee  on  Economy  In  Government 

Washington,  MS  Congress  (Joint  Economic  Committee),  1968,  25  p. 


Abstract i  "In  this  report ,.  the  Subcommittee  on  Economy  tn  Government 
presence  Its  conclusions  on  the  application  of  discounting  procedures 
in  Federal  Government  bureau?  and  agencies  and  submits  its  recommenda¬ 
tions  on  this  matter.  The  subcommittee  accepts  without  qualification 
the  proposition  that  consistent  discounting  procedures  and  appropriate 
interest  rate  policy  must  bo  adopted  throughout  the  Federal  Government 
if  wlae  and  economic  investments  are  to  be  made.  Testimony  presented 
to  the  subcommittee  demonstrated  that  auch  consistency  is  not  now 
present.  The  subcommittee  recommends  that  no  public  investment  be 
deemed  "economic"  or  "efficient"  if  it  falls  to  yield  overall  benefits 
which  are  at  least  as  great  aa  those  which  the  same  resources  would 
have  produced  if  left  in  the  private  sector.  This  report  deals  with 
the  optimum  dlacountlng  procedures  to  be  used  in  evaluating  the 
economics  of  public  investments." 

I.  Interest  Rate  Policy  and  Dlacountlng  Analysis  -  An  Abstract. 

II.  The  Planning-Programming-Budgeting  System  is  the  Means  for  More 
Efficient  Government  Decision*. 

III.  The  Discounting  Procedure  Must  be  Used  if  Good  Public  Investment 
Decision#  are  to  be  Made. 

IV.  Currant  Dlacountlng  Practices  in  the  Federal  Agencies  are  Neither 
Adequate  nor  Consistent. 

V.  The  Appropriate  Intereat  Rate  Concept  la  the  Opportunity  Cost  of 
Displaced  Private  Spending. 

VI.  The  Current  Risk-Free  Intereat  Rat*  which  should  be  Used  for 
Evaluating  Public  Investment*  la  at  least  5  percent. 

VI; .  All  Federal  Agencies  should  Establish  Consistent  and  Appropriate 
Discounting  Procedure*  Utilising  art  Appropriate  Rase  Intereat 
Kate  Computed  and  Published  on  a  Continuing  Baals. 

Appendix.  The  S3T  and  the  Interest  Retei  An  example  of  the  role 
of  dlacountlng. 

Separate  Views  of  Represantat lve  Patman. 

Separate  Views  of  Senator  Sparkman, 

Supplementary  Views  of  Senators  Symington,  Jordan,  and  Perry, 
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Economic  Aspects  of  Military  Procurement  and  Supply 
Subcommittee  on  Defense  Procurement 

Washington,  US  Congress  (Joint  Economic  Committee),  1960,  125  p. 

A  report  by  the  subcommittee  appointed  to  conduct  a  study  of  the 
impact  of  defense  procurement  and  disposal  policies  on  the  economy. 
This  study  follows  the  subcommittee  hearings  on  "The  Impact  of 
Defense  Procurement"  which  were  held  January  28-30,  1960. 


Letter  of  Transmittal. 

Conclusions  and  Recommendations t  general)  scope  of  activities) 
quality  of  operation)  attempts  at  progress)  GAO  findings) 
recommendations. 

Lconomic  Aspects  of  Military  Procurement  and  Supplyt  introduction) 
general  summary. 

I.  Scope  and  Economic  Impact  of  Military  Supply  and  Related  Functions 

II.  Quality  of  Military  Supply  Management!  studies  and  reporta. 

III.  Congressional  Efforts  for  Improvement:  management  (top  manage¬ 
ment  agencies))  supply  management)  supply  management  in  DOD. 

IV.  Reorganising  the  supply  and  service  functione  in  the  Army. 
Appendix  1.  Quotations  from  previous  Joint  Economic  Committee  Reports 

ro-effect  of  military  procurement  on  the  economy. 

Appendix  2.  Conclusions  on  management  of  general  supplies  in  the  DOD. 
Appendix  3.  Legislative  history  of  compstitive  bid  statute. 

Appendix  4.  President  Truman's  letter  on  negotiated  procurement. 
Appendix  5.  Correspondence  re-cataloging. 

Appendix  6.  Address  of  Secretary  Lovstt  to  Association  of  the  US 
Army,  August  1960. 

Appendix  7.  Correspondence  re-stock  funds. 

Appsndix  8.  Data  on  0SA-D0D  responsibilities. 

Appsndix  9.  Background  on  integration  of  common  supply  in  DOD. 
Appsndix  10.  Genaral  Elsenhower  on  defense  policy  affecting  supply 
management. 

Appsndix  11.  Congressional  Correspondence  on  Integrated  supply. 
Appendix  12.  Strengthening  of  National  Security  Act. 

Appendix  13.  Correspondence  on  unified  contract  audit. 

Appendix  14.  Correspondence  on  integration  of  electronics  supply  and 
communications. 


Economic/Cost  Benefit  Analysis  of  Proposed  AMC  Investments 
Headquarters,  Army  Materiel  Command 

Washington,  Army  Materiel  Command,  1970,  IS  p. 

AMCR  11-34. 

This  regulation  prescribes  policy  and  procedures  to  be  employed  in 
applying  the  fundamental  concepts  of  aconomic/cost  benefit  analysis 
to  the  AMC  decision  process. 

I.  Purpose. 

II.  Scope. 

III.  Objectives. 

IV.  Policy. 

V.  Responsibilities. 

VI.  Procedures. 

VII.  Economic  Analysis  in  the  Decision  Process. 

VIII.  Major  Concepts  and  Techniques!  resource  impact)  scope  of 
coverage)  evaluating  Investment  alternatives)  role  in  manage¬ 
ment  process)  present  day  value)  economic  lifo)  uncertainty) 
adjustments  for  inflationary  trends)  documentation)  cost 
estimating. 

IX.  References. 

Appendix.  Techniques  Used  in  Economic  Analyses.  Formats.  Project 
Year  Discount  Factors. 


Economic  Forecasting 
Stekler,  Herman  0. 

New  York,  Praeger  Publishers,  1970,  182  p. 

The  studies  in  this  book  present  L'r',niques  and  empirical  results 
which  are  relevant  either  for  evaluating  or  for  improving  quantitative 
economic  forecasts. 

I.  Quantitative  Economic  Forecasts!  Judgmental  and  Econometric 
Methods. 

II.  Forecasting  with  Econometric  Models. 

III.  Evaluation  of  Econometric  Inventory  Forecasts. 

IV.  An  Evaluation  of  Quarterly  Judgmental  Economic  Forecasting. 

V.  Econometric  vs.  Judgmental  Forecasting. 

VI.  Data  Revisions  and  Economic  Forecasting. 

VII.  Selecting  Economic  Datai  Accuracy  vs.  Reporting  Speed. 

VIII.  The  Federal  Budget  as  a  Short-Term  Forecasting  Tool. 

IX.  The  Future  of  Forecasting. 

Appendix  to  Chapter  II.  A  Priori  Information,  Models,  and  Forecasting. 
Appendix  to  Chapter  III.  Regression  Estimates  of  Inventory  Equations. 
Appendix  to  Chapter  Ill.  Inventory  Anticipations  Data. 

Index. 
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The  Economics  of  Defense  in  the  Nuclear  Age 
Hitch,  Charles  J,  and  Roland  N.  McKean 


Santa  Monica,  The  Rand  Corporation,  1960,  424  p. 

Rand  No.  R-346.  AD  243  098. 

"Economics  is  concerned  with  allocating  resources  -  choosing 
doctrines,  equipment,  techniques,  and  so  on  -  so  as  to  get  the  most 
out  of  available  resources.  Economising  meanB  trying  to  make  the 
most  efficient  use  of  the  resources  available.  A  major  purpose  of 
this  report  Is  to  show  the  usefulness  of  this  way  of  looking  at 
military  problems.  We  consider  the  economic  problems  of  defense  at 
each  of  three  rather  gross  levels i  the  quantity  of  national  resources 
available,  now  and  in  the  future!  the  proportion  of  these  resources 
allocated  to  national  security  purposes!  and  the  efficiency  with  which 
the  resources  so  allocated  are  used  by  the  defines  departments." 

Part  li  the  resources  available  for  defense  (chapters  3*6))  Part  2i 
efficiency  in  using  defense  resources  (chapters  7-12) t  Part  3t 
special  problems  and  applications  (chapters  1.3*18), 

I.  Defense  as  an  Economic  Problem  (introduction). 

II.  The  fiackgroundi  Defense  against  What?  (introduction). 

III.  Resource  Limitations)  specific  versus  gsnersl  constraints) 
role  of  GNP. 

IV.  Diverting  ONP  to  Defense!  How  Big  a  Defense  Budget? t  budgetary 
process!  program  veraus  object)  program  llaa)  military  personnel. 

V.  Indirect  Effects  of  Defense  Spending. 

VI.  The  Economic  Strengths  of  the  Major  Powarsi  problems  of 
international  comparison)  ONP)  defense  budgets, 

VII.  Efficiency  in  Military  Decisions!  optimal,  efficient,  and 
feasible  positional  one  input,  two  outputsi  two  inputs,  one 
output!  economic  anslyaisi  the  requirements  approach)  the 
priorities  approach. 

VIII.  An  Illustrative  Application  of  Economic  Analysis!  problem) 
mission!  alternative*!  costs)  criterion)  models  and  procedure! 
results  and  conclusions.  Appendix  on  the  models  and  the 
computations!  cost  coefficients!  aggregation  of  channels! 
optimising  procedures. 

XX.  The  Criterion  Problem. 

X.  IncommensuvaMas,  Uncertainty,  and  the  Enemy. 

XI.  Problems  Associated  with  Tims. 

XII.  Institutional  Arrangements  to  I'vomoi  e  Efficiency. 

XIX],  Military  Research  and  Development. 

XIV.  Logistics. 

XV,  The  Economics  of  Military  Al  Hunts, 

XVI.  Economic  Warfare  and  Diaarmaiuent . 

XVII,  Mobilisation,  Civil  Defense,  giu)  Recuperation. 

XV!  11,  Choosing  Policies  f<n  Deterrence, 

Appendix!  The  dimple  Mathematics  of  Maximisation!  int» wduc i toni 
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Efficiency  and  Economy  In  Government  Through  New  Budgeting  and 
Accounting  I'tocedures 
NovicU,  David 

Santu  Monica,  The  Rand  Corporation,  1954,  122  p. 

Rand  No.  R-254. 

"A  proposal  for  a  I'.ew  method  of  budgeting  and  accounting  for  (he 
military,  including  !r>  the  financial  process  «  constant  attention 
to  coat  considerations,  cost  i:oi«*v,H  sons ,  hiuI  anal  v. it*,  liter  ?ol." 

1.  introduction. 

It,  Thu  Role  oi  Budgeting  and  Accounting  budgufc  functional  accounting 
fum-t^onat  budgeting,  accounting,  ami  operat  i on*  i  present  i’derul 
budget  nod  proposal |  present  federal  accounting  anti  proposal. 

III,  Coat  t’onsldoint  tons  In  Weapons  System*  Analysis., 

IV.  Rand's  (oat  Analysis  Method)  ma.Itn  aliment*  'f  uperationi  accumu¬ 
lating  total  cost  i  the  distinct  ion  between  tmostmeut  ami  annual 
operating  oxptrnditut  om  pt  »»em  application)  comparison  oi  thu 
two  methods i  possibilities  «f  gunnral  epplicat  'oiti  general 

upenai  iaiiftl  rtnsidat  at  nine. 

V,  beta  lied  hose  *■  Ipt  ion  ol  Rand  Httkhsdnl  agy  i  invosthunt  cost 
cat  ogor i «s i  annual  vpetaiiog  cost  e  rt  tgot  Ids. 

VI.  Out  I  inn  of  Accounting  hropoHad  i'.m  I  l.n  I'i  Alt  hint, 

Append! a  I,  lit  lei  History  of  the  federal  Rudder. 

Append i s  hading  structura  for  Cost  Analyst*  ol  <h*  l's  Air  iotce. 
Appendix  i,  ‘sample  Woftsheei  turns. 


Efficiency  in  Government  through  Systems  Analysis,  With  Emphasis  on 
Water  Resource*  Development, 

McKean,  Roland  N,  (the  Rend  Corporation) 

New  York,  John  Wiley  A  Son*,  1998,  336  p, 

"The  inquiry  deals  specifically  with  the  comparison  of  water-resourcu 
projects,  but  the  comparison  of  alternative  operations  or  policies  of 
other  sorts  involves  many  of  the  same  problems,  and  tha  broadet  purpose 
of  the  study  is  to  assist  in  tha  general  struggle  for  economy,  in  the 
improvement  of  analysis  in  government,  And  In  the  extension  of  its  use. 
Part:  l:  introduction  ('■haptev  l't  Pact-  2\  some  aeneral  problems  o( 
analysis  ( chapter  *  J-6)t  Part  special  problems  -in  the  iin.slvsls  of 

water-resource  projects  (chapters  7-10) t  Part  4i  t he  problems  at 
Illustrated  by  specific  analyses  (chapters  11,  12) i  Part  3t  other 
potentisl  uses  of  analysis  to  Increase  governmental  efficiency 
(ehnptene  13,  14). 

I.  Setting,  Scope,  and  Plan  aT  tha  Study. 

II.  the  Criterion  Pt.oblawt  criteria)  pr  ultimate  eriter-ti  eub- 
opt  imilst  tott|  common  errors)  appropriate  criteria. 

III.  The  Appropriate  Alternatives!  relevant  context)  relevant 
courses )  iuterrelaf ionshipe, 

IV.  Inter, gibtee,  Uncertainty,  and  Criteria, 

V.  Time  Streams  and  Cviteriai  time  heriaoni  measured  in  dollars)  in 
phyitoal  unlti, 

VI.  What  Can  he  Uonei  a  Recap  Itulat  loin 

Vil,  Criteria  in  th?  Selection  of  Woter •Resource  Project#. 

VIM.  Kinds  of  benefit  and  t.nsti  Spillover  Kfteriei  teehnolog lea 1 1 
pecuniary!  consistsmyi  tanking  ol  project*. 

IS.  kinds  of  benefit  t  Over,  count  tng,  and  Saeontlaiy  henafitai  double- 
counting  |  aoetmdary  h«ueHtsi  treatment  of  taata, 
k,  Valuer (on  oi  ieneflt*. 

Xl.  0,,*e  Study  It  Ihe  ttfeen  kiver  Watershed, 
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Elamentety  Statistical  Analysis 
Wilks,  Samuel  Stanley 

Princeton,  Princeton  University  Press,  1948,  284  p. 


I.  Introduction. 

II.  Frequency  Dlstr Ibuttona;  Cor  ungtouped  and  grouped  measurements) 
cumulative  polygons  graphed  on  probability  paper. 

III.  Sample  Mean  and  Standard  Deviation!  for  ungrouped  and  grouped 
measurement.)  simplified  computation. 

IV.  Elementary  Probability;  in  simple  repeated  trials)  permutat tonsi 
combinations)  calculation)  mathematical  expectation)  geometric 
probabl 1 Ifcy. 

V.  Probability  Distributions!  discrete)  continuous)  mathematical 
man  !  pul  at  ion. 

VI.  Hie  binomial  hi  str Ibut ion:  derivation)  the  mean  and  standard 
deviation , 

VU .  the  Poisson  Distribution;  derivation)  mean  and  variance) 
fitting  to  a  sample  distribution. 

VIII.  tlus  Normal  Distribution,  general  properties)  applications. 

IX.  Elements  of  Sampling!  from  a  finite  and  an  infinite  jtppulation  | 
theoretical  samp  11  tig  distributions  of  sums  and  differences  of 
aamplu  me  a  tut , 

X  Confidence  I.lmilu  of  Population  Parameters. 

XI.  Stat  1  si.  tea  1  Oignli  icattce  Tests. 

X I I .  Testing  Kanditmnesa  in  Samples!  run  si  quality  control  charts. 

XIII.  Analysis  oi  Pairs  >tif  Measurements!  method  o'  least  aquarus) 
simplified  computation  of  coefficients  for  .egression  line) 
generality  of  the  method, 

Index. 
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Elements  of  Defense  Economics 
Hitch,  Charles  J.  end  Roland  N.  McKean 

Washington,  Industrial  College  of  the  Armed  Forces,  1967,  167  p. 

The  purpose  of  this  text  la  to  introduce  thn  student  to  some  of  the 
essential  elements  of  economic  analysis  which  have  come  to  play  a 
vital  part  in  Defense  management  since  1961.  Part  li  analytical 
and  factual  background  (chapters  1,  2))  Part  2i  the  reflouvo'Su 
available  for  defense  (chapters  3,  4)|  Pftrt;  3t  efficiency  n  uoing 
defense  resources  (Chapters  .S-b) . 

I.  Defense  as  an  Economic  Problem. 

II.  Defense  Against  What? 

III.  Resource  Limitations. 

IV.  Diverting  GNP  to  Defenaet  How  Big  a  Defense  Budget? 

V.  Efficiency  in  Military  Decisions!  three  general  approaches! 
optimal,  efficient,  and  feasible  positions)  one  input,  two 
outputs!  two  inputs,  ore  output}  the  elements  of  an  econom.  », 
analysis!  the  requirements  approach!  the  priorltioB  approacl.  • 
some  misunderstandings!  efficiency  in  the  large  versus  efficiency 
in  the  smalli  kinds  of  military  decisions. 

VI.  The  Criterion  Problem!  criteria)  some  criterion  errors) 
appropriate  criteria. 

VII.  lncommensurables,  Uncertainty,  and  the  Enemy. 

VIII.  Problems  Associated  with  Timet  why  discount!  what  rate)  what 
value  for  future  Inputs  and  outputs)  some  practical  dodgesi 
undervaluing  future  outputs. 

Concluding  Observations. 

Index. 
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Empirical  Goat  Estimates  for  Military  Construction  and  Price  Adjunt 
ment  factors 

Headquarters!  Department  of  the  Amy 

Washington,  Department  of  the  Army,  1969,  13  p. 

AH  415-17. 

This  regulation  provides  empirical  cost  estimates  for  permanent 
military  construction,  area  price  adjustment  factors,  and  unit  cost 
adjustment  chart. 

I.  Purpose. 

II.  General. 

III.  Explanation  of  Tables  and  Unit  Cost  Adjustment  Chart. 


Estimating  Cost  Uncertainty  Using  Monte  Carlo  Techniques 
Dienemann,  Paul  F. 

Santa  Monica,  The  Rand  Corporation,  1966,  49  p, 

Rand  Memorandum  RM-4054-PR,  AD  629  082. 

Summaryi  "Suggested  in  this  Memorandum  is  a  ‘echnique  for  expressing 
cost  estimates  of  future  systems  as  probability  distributions  to 
reflect  the  uncertainty  of  the  estimate.  The  impact  of  this  information 
is  shown  to  be  relevant  to  the  dec Ision-tnaking  process.  For  the 
purpose  of  the  study,  the  relationship  between  the  sources  of  un¬ 
certainty  and  system  cost  estimates  is  depleted  as  an  input-output  model. 
Within  this  framework,  a  procedure  was  developed  Lo  estimate  probability 
distribution  for  each  of  the  input  uncertainties.  From  the  input 
distributions ,  a  Monte  Carlo  procedure  is  used  to  generate  a  series  of 
system  cost  estimates.  A  frequency  distribution  and  common  statistical 
measures  are  then  prepared  from  the  set  of  output  estimates  to 
ascertain  the  nature  and  magnitude  of  the  system  cost  uncertainty. 

To  illustrate  the  proposed  technique,  a  case  study  involving  the  cost 
eatimate  of  a  hypothetical  aircraft  system  with  a iv -to-sur face  missies 
is  presented." 

Preface. 

Summary. 

I.  Introductioni  sources  of  uncertainty)  relevance  to  decision-making; 
expressing  cost  uncertainty. 

II.  Monte  Carlo  Techniques  for  Estimating  Uncertainty!  simulating 
probability  distributions;  estimating  system  cost  uncertainty. 

III.  Case  Studyi  Individual  Weapon  System  Cost  Analysis!  input 
prooabillty  distribut Ions  |  Monte  Carlo  simulation  of  system 
coat  uncertainty;  case  1  (cost-estimating  uncertainty);  case  2 
(total  uncertainty);  conclusions! 

IV.  The  Greater  Problonn  Uncertainty  in  Cost/Effectiveness  Studies. 
Appendix  A.  Weapon  System  Cost  Model  Inputs. 

Appendix  B.  Weapon  System  Cost  Model  Outputs. 

Appendix  C.  FORTRAN  Subroutines  for  Estimating  Uncertainty. 

Bibliography. 
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An  Extended  Concept  of  Model 
Quads,  E.S. 


Santa  Monica,  The  Rand  Corporation,  1970,  13  p. 

Rand  No.  P-4427.  AD  710  639. 

A  slightly  abbreviated  version  of  this  paper  will  appear  in  the 
Proceedings  of  the  5th  International  O.R.  Conference.  "The  function 
of  a  model  in  operations  research  is  to  'predict  and  compare' j  to 
provide  a  logical  way  to  forecast  the  outcomes  that  follow  alternative 
actions  and,  hopefully,  to  indicate  a  preference  among  them.  A 
mathematical  formulation  with  which  one  can  optimise  ia  an  extremely 
valuable  aid  to  this  process.  But  it  is  not  cruciali  there  are  other 
routes.  What  is  crucial  to  every  decision  process  is  reliance  on 
expert  judgment  and  intuition.  This  reliance  permeates  every  aspect 
of  operations  -»  in  deciding  what  apptoach  is  likely  to  be  more 
fruitful,  in  designing  the  model,  in  determining  what  the  facts  are, 
and  in  interpreting  the  results.  One  great  virtue  of  model  building 
is  that  it  provides  a  systematic,  explicit,  and  efficient  way  to 
focus  the  required  Judgment  and  intuition. 

A  model,  by  introducing  a  precise  framework  and  terminology, 
serves  as  an  effective  means  of  communication,  enabling  analysts  and 
various  experts  to  exercise  their  intuition  end  Judgment  in  a  well- 
defined  context  and  in  relation  to  each  other.  In  addition,  it 
provides  feedback  to  guide  the  participants  in  the  revision  of  their 
earlier  judgments.  It  is  these  features  of  the  tsodtl  that  are 
essential  to  its  role  in  aupplying  a  route  from  hypotheses  to  pre¬ 
diction,  not  how  explicitly  it  represents  the  real  world  or  whether 
or  not  it  provides  a  formal  or  quantitative  scheme  for  optimisation. 

"The  author's  contention  is  that  "there  are  advantages  in  u$inft 
approaches  that  sacrifice  representation  also.  This  suggests  taking 
a  broad  view,  accepting  as  a  model  any  device  that  provides  a  logical 
means  to  predict  and  compare  the  outcomes  of  a  Her native  actions , 
regardless  of  its  representative  features  orHfTow  efficient  it  ia  at 
optimisation.  Calling  such  a  device  a  'model'  in  the  context  of 
operations  research  would  help  to  counter  the  bias  toward  mathe¬ 
matical  model#  acquired  by  bo  many  analysts  through  their  education 
and  work  with  industry." 

There  follows  a  discussion  of  one  such  device,  the  Delphi 
procedure. 

References. 
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Tha  Feasibility  of  Deriving  a  Cost/Bf fectiveness  Formula  for  Man/ 
Machine  Function  Allocation 
Connelly,  Marllee  N. 

San  Diego,  US  Naval  Personnel  Research  Activity,  1966,  75  p. 

Research  Memorandum  SRM  67-4.  AD  6:19  674. 

Abstract!  "This  report  presents  a  summary  of  progress  nadu  in  a 
continuing  investigation  into  the  feasibility  of  deriving  a  coat/ 
effectiveness  formula  for  man/machins  function  allocation.  A 
preliminary  cost/ef f ect ivene.se  formula  is  presented  with  an 
evaluation  of  the  sources  and  availability  of  the  data  inputs 
required  by  the  formula.  Using  a  preliminary  formula  and  methodology 
as  a  basis  for  the  analysis,  it  was  concluded  that  adequate  measures 
of  cost  are  available  but  that  adequate  measures  of  variable  effective¬ 
ness  have  not  yet  been  developed.  Dua  to  complexity  of  the  coat/ 
effectiveness  formula  and  to  the  lack  of  accessibility  of  input  data, 
a  large  amount  of  time  and  money  will  be  required  to  perform  function 
allocation  analyses.  It  was  determined  that  the  derivation  of  a 
coBt/ef fectlveneos  formula  for  man/machine  function  allocation  is 
feasible.  At  this  time,  cost/effect ivenesa  analysis  seams  appli¬ 
cable  to  most  cases  of  function  allocation  and  appears  to  offer  a 
reliable  method  for  the  allocation  of  functions  between  man  and 
machine." 


Brief. 

I.  Introduction!  cost/ef fectlvenessj  purpose)  scope  of  reporti 
research  approach)  background  (function  allocation,  the  concept 
of  using  cost/effectiveness  for  function  allocation). 

II.  Procedure!  cost  (equipment,  personnel,  utilising  the  cost 
formula))  effectiveness. 

III.  Conclusions  and  Recommendations. 

Appendix  A.  Branching  Model  of  the  Cost  Formula. 

Appendix  B.  Derivation  of  Cost  Formula  for  Cost/Ef fecilveness 
Function  Allocation  Decisions. 

App'endix  C,  Index  of  Symbols  (Derived  Order). 

Appendix  D,  Index  of  Symbols  (Alphabetical  Order). 

Appendix  E.  Personnel  Coat  Elements  Source  Table. 

Selected  References. 

Table  1,  A  Summary  of  the  Availability  of  the  Inputs  of  the 
Preliminary  Personnel  Cost  Formula. 
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Gama  theory 

Kahn,  Harman  and  Irwin  Mann 

S*nt»  Monica,  the  Rand  Corporation,  1957,  65  p. 

Rand  No.  P-1166. 

This  la  a  draft  of  a  report  to  be  included  aa  a  chapter  in  a  book 
titled  Military  Planning  In  an  Uncertain  World.  Topica  include  the 
following!  matching  pennies,  modified  matching  game,  a  game  of  ruin, 
noiay  duel,  silent  duel,  definitions  and  formal  results,  attacking 
targets  of  unequal  importance,  the  trader  find  the  cannibal,  n-person 
games. 

Bibliography. 
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Game a  and  Decisions 

Luc*,  Robert  Duncan  and  Howard  Reiffa 

Naw  York,  John  Wiley  and  Sona,  1957,  309  p, 

this  book  attempts  to  communicate  the  central  Ideas  and  results  of 
game  theory,  and  related  decision-making  models  unencumbered  by 
their  technical  mathematical  details. 

1.  General  Introduction  to  the  Theory  of  Games, 
n.  Utility  Theory. 

III.  Extensive  and  Normal  Form. . 

IV.  Two-Paraon  Zero-Sum  Games. 

V.  Two-Person  Mon-Zero-Svra  Non-Cooperative  Games. 

VI.  Two-Person  Cooperattva  Games. 

VII.  Theories  cf  n~Person  Games  In  Normal  Form. 

VIII.  Characteristic  Functions. 

IX.  Solutions. 

X.  Stability. 

XI.  Reasonable  Outcomaa  and  Value. 

XII.  Application*  of  u-Person  Theory. 

XIII.  Individual  Daclalon  Making  undar  Uncertainty. 

XIV.  Group  Declaion  Making. 

Appandlx  1.  A  Probabilistic  Theory  of  Utility. 

Appendix  2.  The  Minimax  Theorem. 

Appendix  3.  First  Geometrical  Interpretation  of  a  Two-Person  Zero- 
Sum  Game. 

Appendix  A.  Second  Geometric  Interpretation  of  a  Two-Pereon  Zero-Sum 
Gam*. 

Appendix  3.  Llnaar  Programming  and  Two-Parson  Zero-Sum  Gamas. 
Appendix  6.  Solving  Two-Parson  Z*to-Sum  Gamas. 

Appandlx  7.  Gamas  with  Infinite  Pure  Strategy  Sets. 

Appeidlx  8.  Sequential  Compounding  of  Two-Par aon  Gamas. 

Bibliography. 


A  Generalised  Coat  Model  .'or  Military  Systems 
Eliel,  L.  Frank 

El  Sagundo,  Aerospace  Ootpyrat ion,  1965,  S  p.  . 

Report  No,  TOR-469( 553C  '  )-3.  AD  <*84  3BB. 

Abstract i  ''The  rapid  development  of  complea  schemes  for  estimating 
the  costs  of  military  systems  has  obscured  the  fundamental  requisite 
structure  of  systems  cost  models.  In  this  paper,  some  of  the  mujor 
relationships  are  restated  symbolically  to  dsscribe  ths  major  features 
of  these  models  end  to  permit  s  more  logical  development  of  ths 
general  problem.  The  primary  interfaces  between  system  costing  and 
the  other  related  design,  planning,  and  analysis  activities  are 
discussed  with  reference  to  tlm<  requirement*  which  these  latter 
activities  place  upon  the  cost  model." 

I.  Introduction. 

II.  General  Economic  Models  and  baf initiont . 

III.  The  Basic  Estimating  Technique. 

IV.  Coat  as  a  Function  of  Quantify. 

V.  Synthesising  the  System. 

VI.  Financial  Planning, 

VII.  Economic  Planning  and  Reeoutce  Constraints. 
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Government  Daclaion-Melting  and  the  theory  of  Ghoic* 

Smithian,  A. 

Santa  Mortisa,  tha  Rand  Corporation,  1964,  11  p. 

Rand  ho.  P-2960.  Ab  607  534. 

Dlacuaaion  of  tha  daeialon-making  processes  in  government  and  tha 
importance  of  recognising  that  this  process  must  ha  designed  both 
to  determine  the  objective  function  and  to  achieve  an  efficient 
allocation.  The  central  purpose  of  this  paper  Is  "to  demonstrate 
the  fundamental,  role  of  choice  among  alternative  courses  cf  action 
in  government,  decision-making.  The  process  of  choice  not  only  points 
to  the  moat  efficient  way  to  attain  given  objectives,  but  la  baaic 
to  tha  determination  of  the  object ivaa  themselves,  Dec  la ion-making 
thus  involves  not  mar  sly  determining  how  given  objectives  can  be 
attained  at  minimum  coats,  but  also  exploration  of  tha  variety  of 
waya  in  which  rtsourcca  nan  be  effectively  employed.  Recognition 
of  tha  latter  aspect  of  decision-making  has  evoked  a  new  set  of 
concept*  such  as  program  budgeting,  cost  ef fectivanesa,  and  ayatomo 
analyaia.  This  paper  attempts  to  examine  tha  nature  of  decision¬ 
making  in  tarma  of  ataridaid  aconomlc  theory,  and  hopefully,  to  throw 
light  on  tha  lmolicatlona  of  tha  new  vocabulary." 
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Guido  for  Reviewers  of  Studios  Containing  Cost-Ef fectivenesa  Analysis 
Neymant,  l.;  Oa  Bryk|  H.  Linatortei  J.  Surmelr 

McLean,  Research  Analyaia  Corporation  (Economica  and  Coating 
((apartment;) ,  1966,  6?  p. 

"to  assist  in  the  review  of  studies  containing  cost-effectiveness 
analyses,  a  series  of  quasi  ions  with  explanatory  notes  have  been 
prepared,  There  quest. ions,  tcken  together,  will  not  necessarily 
cover  all  aspects  of  all  cost-ai'f net iveoesa  analyses.  No  one  general 
list  of  questions  can  do  that.  Rather,  the  questions  are  designed 
to  focus  the  attention  of  the  reviewer  on  selected  aspects  to  assist 
him  in  evaluating  the  analysis.  All  the  questions  are  not  applicable 
to  all  studies  and  they  are  not  necessarily  of  equal  importance  to 
those  studies  where  they  do  apply  .  .  .  This  document  is  intended 
only  as  s  guide  and  not  as  a  full  and  comprehensive  treatment  of  rll 
aspects  of  cost-effect Ivetiess  analysis." 

Fo  reward. 

I.  General  Background!  Introduction;  cost-af fectlvenesi  analysis  and 
the  estimate  of  the  situation;  essential  elements;  the  objective; 
alternatives;  cant;  models;  criteria!  role  of  judgment;  review  of 
studies. 

II.  Key  Questional  statemant  of  the  problem;  assumptions;  alternatives; 
documentation  and  data;  cost;  relationships  (models);  equal 
effectiveness  methods;  effectiveness;  criteria;  coat-effect  Watteau 
curves;  concluuions  and  racommsndst lone. 

Glossary, 

Selected  Questions. 

Bibliography. 

Index, 
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Guidebook  for  Systems  Analysis/Cost  Effectiveness  (Note  1) 

AR1NC  Research  Corporation 

Annapolis  (Maryland).  AAINC  Research  Corporation,  1969,  449  p. 

AR1NC  No.  BOO-Ol-Ol-957. 

Purpose)  tu  provide  USAECOM  personnel  with  a  text  and  reference 
material  in  systems  analysis  and  cobI  effectiveness;  intended  for 
technical,  scientific,  management  and  administrative  personnel 
responsible  for  preparing  information,  making  decisions  or  reviewing 
decisions  regarding  life  'cycle  cost,  system  effectiveness,  or 
technical  feasibility  of.  a  system  or  equipment  at  nay  phase  in  its 
life  cycle, 

I.  Introduction:  definitions;  background;  methodology;  applications; 
limitations. 

II.  General  Methodological  Approach  to  SyatemB  Analysis/Cost 
Effectiveness  Studies i  input  information  (Army  Force  Development, 
Combat  Development  Objectives  Guide,  Qualitative  Materiel 
Development  Objective,  Qualitative  Materiel  Requirement);  defining 
requirements  and  objectives;  mission  profiles;  critical 
performance  parameters!  alternative  systems  (total  system,  system 
configuration  synthesis,  state-of-the-art  analysis);  hardware 
characteristics;  evaluating  effectiveness  (availability, 
dependability,  capability);  measures  of  effectiveness;  models 

( a a nump t ions,  adequacy,  rupresontat i vonest ;  uncertainty,  data, 
validity,  typeu);  effectiveness  equiLions;  cost  equations  (Rand 
method,  cost-estimating  relationships,  problems,  application); 
exercising  the  model;  decision  model  (optimisation  criterion,  risk 
and  uncertainty,  optimisation  techniques,  leverage  effects, 
interpretation), 

III.  Techniques!  simulation;  queuing  theory;  sequencing  and  markov 
processes;  inventory  and  replacement;  linear  and  dynamic 
programming;  p,  a  trie  theory;  Information  theory;  analytic  models 
(hsivhester ' s  equations,  calculus  of  variations);  decision 
theory;  cost-estimating  relationships  and  confidence  Intervals; 
experi  ence  curves;  cont-sensl*.  Ivity  analysis. 

IV.  basic  Mathematical  and  Statistical  Concepts!  probability!  algebraic 
principles  and  formulas  (counting  principles,  permutations, 
combinations,  basic  probability  laws,  application  to  reliability); 
probability  distribution#  (definition#,  propertisa,  parameters  and 
moment#,  discrete  probability  distributions,  continuous  distri¬ 
butions)!  estimation  fnonpurametrlc,  parametric). 

Appendix  A.  Glossary. 

Appendix  R,  DOD  and  AMC  Directives!  DOD  Directive  3200.9  AMOK  70-28. 
Appendix  C.  Statistical  Tablesi  standard  normal  table;  table  of  t 
statistic;  chi -squared  table;  table  of  F  values;  table  of  critical  1 
values;  exponential  table;  table  of  2/x'(p,rl);  table  of  values  of  v* 
(required  number  of  failures);  table  of  r(X)i  confidence  blits  for 
proportions. 


90 


Appendix  D.  Bibliography* 

Appendix  E.  Guide  lor  Reviewer#  of  Studies  Containing  Cost*' 

Ef fecftlvanese  Analysis. 

Appendix  F.  An  Example  of  ■  Recent  Communications  Coat-Effcctiveness 
Analysis. 

Index. 


Note  It  Thin  document  ha#  also  been  published  as  AMC  Pamphlet 

AlCP  706-191,  entitledi  "Engineering  Design  Handbook  - 
Systems  Analysis  and  Coat-Effectiveness",  April  1971. 


Guidelines  for  the  Presentation  of  Army  Coat  Analyses 
Resource  Management  Corporation 

Bethesda ,  RMC,  1970,  58  p. 

RMC  Draft  Report  UR-125. 

Prepared  for  the  Comptroller  of  the  Army,  the  body  of  the  report  "is 
addressed  to  the  formation  of  guidelines  for  presentation  of  Army 
cost  analyses.  The  organisation  of  the  report  is  in  the  form  of 
three  questions!  To  whom  and  for  what  reason  are  cost  analyses 
presented?  What  analysis  should  support  Army  cost  presentations? 
and  What  is  to  be  presented?  .  »  .  The  scope  of.  the  present  effort 
is  limited  to  future  weapon/ support  systems  only.  Additionally, 
the  study  is  limited  only  to  those  types  of  decisions  made  by  the 
Chief  of  Staff,  which  do  not  necessarily  correspond  with  the  same 
decisions  as  the  Office  of  the  Secretary  of  Defense." 

I.  Introduction. 

II.  The  Organisational  and  Decision  Context  of  Army  Cost  Analysis! 
current  Army  management  of  individual  weapon/ support  systems » 
senior  officer  materiel  review  board)  selected  acquisition  reports) 
aggregate  management  of  Army  Materiel)  analysis  of  current 
practices. 

III.  Elements  of  an  Army  Cost  Analysis  Procedure)  weapon/ support 

cost  analysis  cost  tracking  procedures)  review  of  weapon/ support 
systems  cost  estimates  submitted  to  COA/DA)  system  review)  what 
are  the  assumptions  used  in  the  analysis)  force  specification) 
materiel  and  personnel  specification)  coat  evaluation  and  cost 
estimating  tools)  cost  estimates)  force  structure  analysis) 
sensitivity  and  uncertainty  analysis.  k 

IV.  Presentation  Formats. 


Guidelines  In  Accumulating  Financial  Data  on  Future  Weapons 
Pardee,  F.S.  ,  ,  $ 

i 

Santa  Monica,  The  Rand  Corporation,  1960,  46  p. 

Rand  Memorandum  RM-2583-ARPA.  AD  418  652. 

Sutnmnry:  "Weapon  system  evaluation  involves  systematic  and  critical 
examination  of  alternative  means  of  performing  specified  military 
tasks  of  missions.  In  this  analytical  process  it  is  necessary  not 
only  to  measure  technical  ant)  operational  capability,  but  also  to 
obtain  a  reasonable  estimate  of  total  financial  requirements  and  the 
variations  from  case  to  case.  ThiB  paper  attempts  to  provide 
guidance  In  collecting  the  financial  data  necessary  to  the  evaluation. " 

I.  Background:  'place  of  cost  in  the  over-all  evaluation  process)  the 
financial  data  cycle;  cost  concepts;  the  uncertainty  issue. 

II.  Description:  prime  hardware;  development  and  operational  concept; 
,  program  phasing;  potential  bottlenecks  -  state-of-the-art  and 

resource  shortages. 

III.  Requirements  for  Financial  Data:  definitions;  form  1  - 
contractor  and/or  arsenal  development,  production,  and  support 
(development,  production,  support,  Industrial  facilities); 
form  2  -  cradle-to-grave  cost  (research  and  development, 
initial  investment,  operation,  example  of  sensitivity  analysis). 

General  References. 


Hew  Much  li  Enough)  Shaping  the  Defense  Program,  1961-1969 
finthovan,  Alain  G.  and  K.  Wayn*  Smith 

New  York,  Harper  A  Row,  1971,  364  p. 

"This  book  waa  written  for  three  main  purpoaaa.  The  flnt  la  to 
record  some  of  the  valuable  leaaone  regarding  etrategy,  force,  and 
financial  planning  learned  In  the  1950'a  and  1960'a  and  applied  In 
the  I960' a  in  the  hope  that  by  doing  ao,  they  will  not  have  to  be  > 
relearned  in  the  1970' a.  The  second  ia  to  make  a  case  for  what  we 
believe  to  be  the  proper  role  of  the  Secretary  of  Dafenset  that  is, 
personally  to  grasp  the  strategic  issues  and  provide  active  leadership 
In  developing  e  defense  program  that  aanalbly  ralatea  US  foreign 
policy,  military  etrategy,  defense  budgets,' and  the  choice  of  major 
weapons  and  forces.  The  third  la  to  increase  public  understanding  of 
the  uses  of  analysis  in  defense  decision  making  and  to  help  build 
support  for  Its  Increased  use." 

P  £•  g  £  {ICG  S 

I.  Unfinished  Business,  1961. 

II.  New  Concepts  and  New  Tools  to  Shape  the  Defence  Program. 

III.  Why  Independent  Analysts? 

IV.  NATO  Strategy  end  Forces.  ' 

V.  Nuclear  Strategy  and  Forces. 

VI.  Yardsticks  of  Sufficiency. 

VII.  Three  Controversial  Program  Decisions. 

VIII.  Soma  Problems  In  Wartime  Defense  Management. 

IX.  Unfinished  Business,  1969. 

Source  Notea. 

Index. 
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"the  Impact  of  Discounting*  Inflation  and  Residual  Value  on  Life 
Cycle  C  )Bts  of  Weapon  System  Acquisition" 

Johnston,  MAJ  John  D, 

United  States  Air  Force,  Assistant  Chief  of  Staff  (Studies  and 
Analysis),  1  Hay  1970,  32  p. 

A  paper  presented  at  the  fifth  annual  Department  of  Defense  Cost 
Symposium,  held  at  the  National  Bureau  of  Standards,  Gaithersburg, 
Maryland,  24  March  1970.  "The  purpose  of  this  paper  is  to  point  out 
some  of  the  fundamental (economic  considerations  pertinent  to 
discounting,  discuss  some  of  the  factors  which  impact  on  discounting 
when  applied  to  weapon  system  acquisition,  present  an  example  to 
illuBtraue  the  numerical  implications,  and  draw  a  few  conclusions." 

Foreward. 

Introduction. 

The  Impact  ot  Discounting. 

The  Treatment  of  Inflation. 

Planning  Period  and  Residual  Value. 

Intangible  Benefits. 

Summary. 

Bibliography, 
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An  Individual  Syitem/Organlaation  lost  Model 

Surnteier,  John  J.|  Jodie  T.  Allenj  A.V.  Wittnert  W.H.  Bennett}  Alfred 
D,  Staments  Allan  Alanar 

McLean,  Research  Analysis  Corporation,  1966-68,  3  Volumes,  333  p. 
RAC-TP-183.  AD  627  A18,  820  645,  825  700,  825  701,  827  100. 

Volume  1.  Concept  and  Application. 

Introduct ion . 

Concepts  of  the  Design  and  Use  of  Cost  Models. 

The  ISOC  Model. 

Example  of  a  Specific  Cost  Model. 

Example  of  the  Use  of  the  ISOC  Model. 

Volume  II.  Computer  Program  Design  and  Operation. 

Computer  Model  Structure. 

Data  Preparation  for  the  ISOC  Model. 

Model  Operation. 

Volume  til.  The  Tactical  Air  Defenae  (TAD)  Models  a  Time  Phased 
ISOC  Application. 

The  TAD  Models  Phage  1 
The  TAD  Models  Phase 

Volume  IV,  Review  of  Selected  Applications. 

Introduction. 

General  Description  of  the  ISOC  Modal. 

Review  of  Applicat iona. 

Typical  Models  and  Specific  Modal  Variations. 

Detailed  Descriptions  of  Selected  Models. 

Further  Developments  of  the  ISOC  Modal. 

Volume  V.  The  Army  Division  Coat  Modal. 

Introduction. 

The  Army  Division  Coat  Model  -  Its  Characterinttca  and  Applications. 
The  Division  Coat  Modal  aa  an  ISOC  Application. 

Inheritance . 

Hypothetical  Case  Study  -  Costing  Alternative  Tank  Programs. 
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Individual  Weapon  System  Computet  Cost  Model 
Boren*  H.E.,  Jr. 

Santa  Monica*  The  Rand  Corporation,  1964*  166  p . 

Rand  Memorandum  RM-4165-PR. 

"This  tnemornndum  describes  the  present  State  of  development  of  a 
computer  model  used  to  determine  the  resource  requirements  associated 
with  individual  weapon  systems.  The  discussion  is  oriented  toward 
describing  the  actual  operation  of  tht  model  rather  than  the  under¬ 
lying  reasons  for  the  methodology  used." 

Summary. 

I.  Introduction. 

II.  Weapon  System  tost  Model  -  General  Description, 

III.  Subroutine  READ. 

IV.  Subroutine  INDEX. 

V.  Subroutine  BASIC. 

VI.  Subroutine  PERSO. 

VII.  Subroutine  APCO. 

VIII.  Subroutine  COST. 

[X,  Subroutine  ASMS. 

)C.  Subroutine  OW'l,  OUT 2,  and  DUMP. 

XI.  Conclusion*. 

Appendix  A.  Fixed-point  and  floating-point  number  systems, 

Appendix  B.  Program  Variablas. 

Appendix  C,  Sample  Input  Sheet e. 

Appendix  D,  FORTRAN  11  Symbolic  Program  of  Rand  Coat  Analyst* 
Department  Individual  Weapon  Syatsm  Coat  Modal. 

Bibliography. 
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Information  for  Decision  Making i  Quantitative  and  Behavioral 
Dimension*  Ref  port,  Alfred,  Editor 

Englewood  Cliffs,  Prentice-Hall,  1970,  44?  p. 

The  book  is  addressed  to  the  informational  aspects  of  management 
systems*  The  primary  objective  it  to  relate  advances  in  information 
technology,  quantitative  methods,  and  the  behavioral  sciences,  to 
the  task  of  effectively  designing  and  using  deciaion-or iented  Infor¬ 
mation  ayetemB.  Port  li  background  and  approach  (chapters  1,  2)| 

Part  2i  information  for  planning  and  control  (chapters  3-6) j  Part  3i 
behavioral  aspects  of  information  (chapters  9,  10). 

I.  A  Setting  for  Information  and  Decisions!  tha  structure  ol! 
management  decision  theory)  accounting  for  decision  making) 
management  mi a  informat ion  systems)  baalc  concepts  for  resigning 
a  fundamental  Information  system. 

II.  Development  and  Use  of  Models  i  on  the  art  of  modeling!  computer 
simulation  -  a  solution  technique  for  management  problems) 
heuristic  models  -  mapping  the  maee  for  management. 

III.  Basic  Framework  for  Planning  and  Controls  framework  for  analysis) 
longrurtge  planning  -  challenge  tc  management  science)  a  program 

of  research  in  business  planning. 

IV.  Coping  with  Uncertainty  of  Relevant  Planning  nnd  Control 
Variables!  f (recasting  consideration  lri  design  of  management 
information  systems)  multiple  reg,rei‘ »ion  analytic  of  coet 
behavior |  sensitivity  analysis  t  .  decision  making. 

V.  Intagrated  Planning  and  Control  Models  -  Selected  Applies cionai 
simulation  in  financial  planning)  a  linear  programming  model  for 
budgeting  and  financial  planning)  an  accounting  system  structure 
on  a  linear  programming  model. 

VI.  Information  for  Production  end  Merketing  Decisions!  cost-volume 
profit  analysis  under  condition*  of  uncertainty!  PERT/Cost  -  the 
challenge)  a  design  for  the  firm's  marketing  nerve  center. 

VII.  Information  for  Evaluation  of  lUaky  Capital  Invaetmantai 
uncertainty  and  Its  effect  on  capital  investment  enalyelei  s 
review  of  seme |  stochastic  decision  trass  for  the  analysis  of 
investment  decisional  limit  DCF  in  capital  budgeting. 

VIII.  Decentralised  Financial  Control  Systamai  return  on  investment  - 
the  relation  of  book  yield  to  true  yield)  new  system  for 
divisional  control)  accounting  Implication*  of  a  mathematical 
programming  approach  to  tha  transfer  price  problem. 

IX.  Motivational  Information  Systems. 

X.  Impact  of  Information  on  Decision  Making. 
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An  Introduction  to  Coat-ftifectlvaneea  Analysis 
Grosae,  Robert  N. 

McLean,  Research  Analysis  Corporation,  1963,  27  p. 

RAG  Paper  RAC-P-5.  AD  622  112. 

This  paper  is  designed  to  show  the  basic  theory  underlying  cost- 
effectiveness  analysis  and  to  be  a  beginning  for  developing  the 
tools  and  language  that  would  permit  greater  ease  in  use  and  under¬ 
standing  of  cost-eff ectlveneos  analysis. 
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An  Introduction  to  Equipment  Cost  Estimating 

Batchelder,  C.A.)  H.E.  Boren)  H.G,  Campbell)  J.A.  Del  Rossi)  J.P.  barge 

Santa  Monica  (California)*  The  Rand  Corporation*  1969,  121  p. 

Rand  Memorandum  RM-fil03-SA.  AD  702  424 

Prepared  for  the  Office  of  the  Assistant  Secretary  of  Defonse  (Systems 
Analysis)  and  dealing  with  the  fundamentals  of  cost  analysis.  Tills 
memorandum  constitutes  the  Introductory  portion  of  a  book  on  the 
subject  of  military  cost-estimating  procedures ,  Bibliographies  on 
pp.  77  and  121. 

I.  Cost -Est Imat ing  Methods:  Industrial  engineering,  analogy, 
atatiatlcal  approaches, 

II.  Data  Collection  and  Adjustment:  collection  (historical*  resource, 
physical  and  performance  characteristics,  program))  adjustment 
(definitional  differences,  physical  and  performance  considera¬ 
tions,  non-recurring  and  recurring  costs,  price-level  changes, 
cost  quantity  adjustments,  other  possible  cost  adjustments), 

III.  Statlatical  Methods  in  Development  of  Estimating  Relationships: 
simple  linear  regression  (least-squares  estimating,  statistical 
Inference,  prediction  intervals))  curvilinear  analysis)  multiple 
regression  analysis)  documentation, 

IV.  Use  of  Cost-Estimating  Relationships:  characteristics,  hardware 
considerations,  Judgment, 

V.  The  Learning  Curvet  the  log-linear  hypothesis  (unit  curve, 
cumulative  average  curv«)|  nonlinear  hypothesis)  plotting  a  curve) 
variations;  applications. 
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An  Introduction  to  Equipment  Cost  Estimating  (Note  1) 

Large,  J.F. 

Santa  Monica,  The  Rand  Corporation,  1968,  139  p. 

Rand  Memorandum  RM-5470-SA.  AD  664  825. 

Summary:  "This  memorandum  discusses  the  fundamental  problem  of 
estimating  major  equipment  costs  and  suggests  that  for  many  purposes, 
particularly  for  government  cost  analyses,  a  statistical  approach 
is  the  most  suitable.  The  kind  of  data  required  and  the  adjustments 
needed  to  make  the  data  useful  are  discussed  in  some  detail.  The  use 
of  regression  analysis  in  deriving  cost-estimating  relationships  is 
described,  but  it  is  emphasized  that  unquestioning  use  of  estimating 
relationships  obtained  in  this  manner  can  result  in  serious  errors. 

The  concepts  underlying  the  cost-quantity  relationship  generally  known 
as  the  learning  curve  are  presented  along  with  instructions  for  its 
use.  Finally,  the  problem  of  uncertainty  in  cost  estimating  is 
discussed  and  a  few  suggestions  for  dealing  with  the  problem  are 
included. " 

Preface . 

Summary. 

I.  Cost-Estimating  Methods. 

II.  Data  Collection  and  Adjustment. 

III.  Using  Statistics  in  the  Development  of  Estimating  Relationships: 
curvilinear  analysis  (logarithmic  regression,  second-degree 
equation);  multiple  regression  analysis;  documentation; 
bibliography. 

IV.  Using  Estimating  Relationships:  understanding  the  estimating 
relationship;  understanding  the  hardware;  judgment. 

V.  The  Learning  Curve:  the  linear  hypothesis;  nonlinear  hypotheses; 
plotting  a  curve;  variations;  applications;  bibliography ;  appendix. 

VI.  Uncertainty:  proposals  for  treatment  of  uncertainty. 


Note  1:  This  is  an  earlier  version  of  the  Publication  described 
on  Page  99. 
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Introduction  to  Operation*  Research 

Churchman,  Char  las  Wastj  Russell  L.  Ackotfi  K.  Leonard  Arnoff 
Maw  York,  John  Wiley  and  Sons,  1957,  645  p. 

"This  book  has  two  objectives:  (1)  to  provide  operations  researchers 
with  a  basis  for  evaluating  the  field  and  for  underat ending  Its 
potentialities  and  procedure::,  and  (2)  to  provide  potential 
practitioners  with  a  survey  of  the  field  and  a  basis  on  which  they  can 
pint:  the  further  education  required  for  competence  with  the  methods 
atid  techniques,"  Part  1:  introduction  (chapters  Part.  2:  the 

problem  (chapters  4-6)j  Part  3:  the  model  (Chapter  7)t  Part  4t 
inventory  models  (chapters  B-I0)j  Part  5t  allocation  models  (Chapters 
J.l**l3)(  Part  6:  waiting-time  models  (chapters  14„16)j  Part  7: 
replacement  models  (chapter  17)j  Part  Si  competitive  models 
(chapters  16,  19) j  Part  9t  testing,  control,  and  implementation 
(chapters  20,  21) t  Part  10*  administration  of  operations  research 
(chapter  22> . 

T  *  Yhe  General  Nature  of  Operations  Research, 

II.  An  Operations  Research  Study  of  a  System  as  »  Whole. 

III.  Resaaren  Team  Approach  to  an  Inspection  Operation. 

IV.  Analysis  of  the  Organisation. 

V.  Formulation  of  th®  Problem, 

V'i.  Weighting  Object Ivaa. 

VII,  Construct  Ion  and  Solution  of  the  Modal, 

Vin.  Elementary  Inventory  Models. 

IX.  Inventory  Mode  la  with  Price  Breaks. 

X.  Inventory  Models  with  Restrictions. 

XI.  Linear  Programming, 

XII.  Thu  Assignment  Problem. 

XIII.  Soma  Illustrations  of  Allocation  Problems. 

XIV.  Queuing  Models. 

XV.  Traffic  he /aye  at  Toll  Booths, 

XVI.  Saquanelng  Mode  la , 

XVII.  Replacement  Models. 

XVIII.  Th*  Thooity  of  Games. 

XIX.  Bidding  Models. 

XX.  Data  for  Model  Testing. 

XXI.  Controlling  and  Implementing  the  (Solution. 

XXII.  Selection,  Training,  and  Organisation  of  Operation*  Research. 
Author  index. 

Subject  Index. 
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Introduction  to  Probability  and  Statistical  Decision  Theory 
Medley,  George 

San  Francisco,  Holden-Dry,  1967,  380  p, 

I'hla  work  la  Intended  ns  a  modern  Introduction  to  probability  and 
statistical  decision  theory  Tor  tbone  with  no  previous  training  In 
cheue  areas.  The  Bayesian  approach  to  decision  theory,  baaed  on  the 
use  of  prior  probabilities  and  utilities,  Is  emphasised, 

I,  Foundations  of  Probability  Theory  i  «ta»  ini  lea’  de-vieion  theory  t 

mathematical  models!  probability  and  telotiv*  frequencies) 
probability  and  the  degree  ot!  rational  belief)  set  theory!  the 
cent  set i  the  basic  probability  modal)  evaluation  of  the 
probabilities  of  the  simple  events)  the  case  of  equally  likely 
simple  events!  some  simple  results)  raidor1  variable#)  expected 
vrlue  of  a  random  variable!  distribution  of  a  random  vatiablei 
the  summation  notation)  functions  of  a  random  variable)  variance 
of  a  random  variable. 

II,  Thu  Theory  of  VlUityt  projects)  deciaion  rule*)  introduction  to 
uncertainty)  single  stage,  two  stage,  and  n-stape  lotteries)  the 
model  of  rational  behavlori  use.  of  expected  monetary  values. 

III,  Single  Stage  and  Sequential  Decision  Problems,  and  Their  Solution. 

IV,  Single-Stage  Decision  Problem)  the  normal  formi  the  general 
single  stage  inventory  problem)  incremental  analysis)  the  scrap 
allowance  problemi  the  expected  coat  of  uncertainty)  opportunity 
loss)  periodic  ravlavi  inventory  systems i  probabilities  not  known) 
mixed  strategies)  geometric  interpretation)  Bayae1  etratagy, 

V,  Additional  Developments  of  Probability  Theory)  decomposable 
experiments)  product  models)  Independence)  combinatorial  analysis) 
the  binomial  distribution)  the  Poisson  distribution!  the  Pascal 
distribution)  sampling  and  hypsrgsowetric  dlstr ibur ion , 

VI,  Conditional  Probability  Models  and  Joint  Distributions:  Hayes' 
l  aw  i  linoor  comb  Inotl  or.s  of  random  war  lab  Ins, 

VII,  Continuous  Random  Vuriahina:  the  normal  distribution)  treatment! 
rac.  ol  cslculusi  normal  distributions!  gamma  distributions! 

Joint  and  conditional  density  functions!  geometric  probability 
problems!  linear  combinations  of  random  variable#!  tha  central 
limit  theorem)  simulation. 

Vllh  Dae  of  Hxperiment*  in  Decision  Problems. 

IX.  Connect  ion  with  Classical  fltaf  1st  lo*  i  hypotheses  testing) 
estimation)  errors  of  oe  lection  or  trmaeurement . 

X,  The  Poisson  Process)  stochastic  processes)  the  Poisson  process) 
as  «  recurrent  event  process. 

XT.  Sequential  Deciaion  Problemai  the  backward  solution)  multistage 
Inventory  problems. 
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An  Introduction  to  Systems  Analysis 
Hoag»  Malcolm  W. 

Santa  Monica,  The  Rand  Corporation,  1936,  21  p. 

Rand  Memorandum  RM»1678.  AD  101  071. 

"Thla  material  was  given  as  an  orientation  talk  to  an  Air  Force  group 
visiting  Rand.  Its  limited  purpose  is  an  elementary  exposition  of  some 
conceptual  isaueB  that  are  relevant  f or  a  critical  understanding  of 
Systems  Analysis.  Many  conceptual  subtleties  Hid  all  issues  of  analytic 
techniques  are  avoided.11  Any  rational  choice  Involves  the  balancing 
of  objectives  against  the  cnst  of  their  attainment.  This  in  turn 
involves  several  issues!  determination  cf  relevant  alternatives, 
establishment  of  critetia,  preparetion  of  a  "model",  and  interpretation 
of  the  results  of  analysis.  The  author  approaches  each  one  of  these 
Issues  in  this  memorandum,  then  concludes  with  a  reminder  of  the 
importance  of  Judgment.  "It  is  very  cl*ar  that  Systems  Analysis  an 
currently  practiced,  and  probably  as  practiced  in  the  future,  la  mich 
more  an  art  than  a  science." 
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Introduction  to  Systems  Cost-Effectiveness 
Seller,  Karl  III 

N v'W  York,  Wiley-lnterscience,  1969,  108  p. 


An  outgrowth  of  lecture  notes  prepared  for  courses  in  systems  cost- 

effectiveness,  with  suggested  readings  to  depth  studies  of  the 

mathematics  involved. 

Introduction. 

I,  Cost  Factors:  level  of  use]  inheritance]  research  and  develop¬ 
ment]  inputs]  outputs  (total,  variable,  fixed,  average,  marginal 
costs )  optimal  return  output;  versus  optimal  efficiency  output] 
relative  activity  levels]  flhart-tunf  long-run  costs)]  time 
(discounted  cost,  obtainability  cost)]  performance]  geographic 
location. 

II.  System  Cost  Modelst  matrix  models]  cert  of  elements;  model 
expansion]  minimising  total  svatem  cost]  period  costing;  time 
phesingi  fixed  cost  prorationj  variable  cost  nonlinearity]  cost 
model  aggregation]  differential  cost  models)  probabilistic  cost. 

1X1.  System  Effectiveness  Models!  probability  product  model)  basic 

performance  (confidence  limits,  multiple  performance  parameters)] 
availability]  reliability]  ourvivability  (microanalyais ,  macro- 
analysis);  model  expansion]  maximising  total  systnm  effectiveness) 
period  versus  mission  effectiveness]  time  phasing]  probabilistic 
effectiveness. 

IV.  System  Coat-Effectiveness  Models:  domain  of  feasibility] 

homogeneity  (time,  geography,  possession,  scale)]  ratio  model 
(optimal  efficiency  system  versus  optimal  effectiveness  system)] 
indifference  curvt  model  (combination  of  two  systems,  combination 
of  three  and  mote  than  three  systems,  limitations)]  mathematical 
programming!  theory  of  games)  probabiltotir,  coat-ef fectivenesa j 
decision  making  and  the  cost-ef fectivenBss  criterion  (technological 
advances,  resource  availability,  political  sensitivity,  psychologi¬ 
cal  stimulus). 

Other  References. 

Index. 
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Learning  Curve  Methodology  for  C  :st  Analysts 
Dahlaus,  Frank  and  Joseph  S.  Roj 

Washington,  Headquarters  US  Army  Materiel  Command,  1967,  21  p. 

AD  661  052. 

"This  paper  puts  down  the  main  framework  of  necessary  concepts  In  tie 
application  of  the  learning  curve  with  appropriate  references  to  the 
literature.  Experience  shows  that,  at  some  point  in  an  analysis,  the 
estimator  is  required  to  enter  opinions  because  of  lack  of  data, 
incomplete  knowledge  of  the  process  or  other  causes  beyond  his 
control.  The  emphasis  in  this  paper  is  to  distinguish  between 
mathematics  and  Judgment;  between  calculation  and  intuition;  putting 
cautions  on  the  analyst  to  provide  the  reviewer  with  visibility  as 
to  where  one  ends  and  the  other  begins.  Topics  include  a  description 
of  the  forms  of  the  learning  curve  with  distinctions  among  possible 
variables,  various  necessary  calculations  and  conversions,  fundamental 
concepts  related  to  the  location  of  a  straight  line  in  two-dimensional 
space,  factors  which  contribute  to  learning  in  industrial  processes 
and  adjustments  for  special  circumstances.  The  document  was  prepared 
to  provide  guidance  to  coat  analysts  in  the  US  Army  Matociel  Command." 

I.  Introduction. 

II.  The  Learning  Model;  description;  applicability;  data  collection 
and  uncertainty. 

III.  Calculations  and  Conversion:  fundamental  relationship;  power 
exproaaed  as  a  slope;  lot  mid-points. 

tV.  Log-linear  Learning  Curve  Analysis;  geometry  of' the  straight 
line;  regression  analysis, 

V.  Factors  Contributing  to  Learning;  Improved  method»;  management 
learning;  debugging  of  engineering  data;  production  processes  and 
slopes. 

VI.  Engineering  and  Other  Major  Changes:  effect  of  engineering 
changes;  adjustment  procedures. 

VII.  Genera).  Considerations:  detailed  Investigation;  responsibilities 
of  the  analyst. 

VIII.  Summary. 

Appendix.  Learning  Curve.  Regression  Analysis. 

References. 


Learning  Curve  Tables 

Volume  I.  55-69  Percent  Slopes 
Volume  II.  70-65  Percent  Slopes' 

Volume  III.  86-99  Percent  Slopes  i 

Boren,  H.E.  and  H.G.  Campbell  j 

Santa  Monica,  The  Rand  Corporation,  1970,  3  Vol,  919  p. 

Rand  Memorandum  RM-6191-PR.  AD  708  713,  708  714,  709  178, 

1  ■  \ 

"This  memorandum  c'omprlses  three!  volumes  of  lebrning-curve  data, 

including  unit  curve  midpoints  for  plotting  iirst-lot  quantities. 

Accurate  representation  of  the  first-lot  quantity  ij  important, 
because,  misplacing  this  point  could  Jead  to  incorrect  conclusions 
about  the  cost-quantity  relationship.  In  the  past,  unit  curve  mid¬ 
points  welre  estimated  by  various  approximation  methods  because!  the 
calculations  to  obtain  tables  of  true  midpoints  were  complex  and 
laborious.  Now,  through  u^e  of  high-speed  computers,  such 
calculations  can  be  made  quickly  and  inexpensively.  Accordingly, 
these  volumes  were  prepared  to  assemble  all  the  information  a  cost 
analyst  is  likely  to  need  in  using  or  plotting  learning-curve  data." 

i 

Preface.  i 

Summary.  \ 

I.  The  Learning  Curve:  the  log-linear  hypothesis;  plotting  a  curve; 
derivation  of  mldpoint\  equations. 

II.  Use  of  Learning  Curve!  Tables. 

HI.  Learning  Curjve  Tables. 
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Life  Cycle  Co-t  Modeling 

Hamilton,  John  L.  > 

Washington,  Army  Materiel  Coirnand,  1968,  21  p. 

Technical  Report  68-8.  AD  6e4  ,335. 

Abstract)  "This  report  discusses  the  mathematical  aspects  of  life 
cycle  cost  modeling  with  emphasis  on  treatment  of  parameters,  time¬ 
phasing  of  models,  and  sensitivity  analysis.  Learning  curves, 
percentage  factors,  and  simple  additive  cost  categories  are  discussed. 
General  and  specific  time-phased  equations  with  constant  and  changing 
learning  curves  are  presented  in  detail.  The  use  of  partial  differential 
equations  for  sensitivity  analysis  is  developed." 

I.  Introduction. 

II.  The  Basic  Model. 

1111  Time-Phase  and  Non-Time  Phase  Implications  of  t^«  Model. 

IV.  Sensitivity  Analysis. 

V.  Summary. 

VI.  References. 


Life  Cycle  Costing  in  Equipment  Procurement 
Task  4C-5 

Washington,  Logistics  Management  Institute,  1965,  117  p. 

AD  619  871. 

This  paper  "identifies  and  studies  major  categories  of  cost  that  are 
Incurred  during  the  useful  life  of  equipment)  establishes  the  relative 
importance  of  these  categories  with  respect  to  life  cycle  costs,  by 
equipment  types}  develops  methods  for  measuring  and  forecasting  these 
costs  when  procurement  of  a  specific  equipment  type  1b  being  planned, 
and  guidelines  for  evaluating  these  costs  in  the  process  of  reaching 
a  procurement  decision." 

I.  Introduction!  relationship  of  life  cycle  costing  to  other  studies) 
relationship  of  life  cycle  coating  to  the  competitive  procurement 
decision)  major  area  of  study, 

II.  Summary  of  Conclusions  and  Recommendations. 

III.  findings  and  Analysis!  scope  of  the  logistics  cost  problem) 
logistics  cost  categories)  relative  importance  of  logistics 
cost  categories)  quantification  of  logistics  costs  (corrective 
and  preventive  maintenance;  inventory  management)  training) 
inspection,  installation,  and  check-out;  transportation) 
documentation)  operation))  application  of  logistics  cost  analyses 
(feasibility  of  competition  and  logistics  cost  analysis, 
utilisation  of  logistics  cost  analysis))  problems  of  applications 
of  logletlca  cost  analysis  (impediments  to  logistics  cost  analysis, 
application  of  logistics  cost  analyses  to  formal  advertising) 
application  of  logistics  coat  analysis  at  the  subcontract  level)) 
alternatives  to  logistics  coat  analysis  (detailed  specifications, 
plans,  and  drawings)  failure  free  warranty.) 

i'V.  Conclusions  and  Recommendations. 

Exhibit  l.  Analysis  of  Procurement  Funda  Obligated  in  FY  1964. 

Exhibit  2.  Analysis  of  Procurement  Subjected  to  Price  Competition. 
Exhibit  3.  Support  Cost  Categories. 

Exhibit  4.  Equipment  Examined. 

Appendix.  Corrective  and  Preventive  Maintenance  Cost. 
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Life  Cycle  Management  Model  for  Army  Systems 

Headquarters,  Department  of  the  Army 

Washington,  Department  of  the  Army,  196U,  54  p. 

Pam  11-25. 

This  pamphlet  supplements  AH  11—25  (which  prescribes  the  process  by 

which  Army  systems  are  developed,  fielded,  and  modified)  and  provides 

broad  guidance  for  supporting  activities. 

I.  General:  purpose!  objectives;  description  oi  the  life  cycle 
management  model;  applicability!  revision  to  model)  supporting 
materials  and  publications!  materiel  requirements  review 
committee!  machine  processing  of  Information  under  the  life 
cycle  management  model. 

II.  Concept  Formulation  Phase:  general!  the  Army  and  joint  family 
of  plans|  major  Amy  studies;  evolution  of  0C0,  QMDO,  ADO,  QMR, 
and  SDR;  the  combat  development  objective  guide;  prerequisites 
for  contract  definition;  cost  effectiveness  analysis;  basis  of 
issue,  personnel  and  logisticn  planning;  DA  ayntem  staff  officers; 
preliminary  project  manager  charter)  concept  phase  system  status 
evaluation!  approval  to  enter  contract  definition. 

III.  Contract  Definition  Phase:  general!  aource  selection!  approval 
of  contract  definition  contractors!  analysis  of  trade  offs  and 
appraisal  of  development  proposals!  contract  definition  systems 
status  evaluation. 

IV.  Development  and  Product  ion  Phase:  general!  development  and  test 
plans  and  coordination!  training  planning)  fund  programming;  test 
plans  and  testing;  prototype  syBtem  characteristics  SSE)  develop¬ 
ment  of  doctrine  and  organisations;  development  acceptance  SSE; 
program  element  and  publications;  production  validation  SSE; 
production. 

V.  Operations  and  Disposal  Phase:  objectives;  user  field  tests  and 
evaluations;  review  and  revision  of  doctrine  and  organisations; 
overhaul,  product  improvement,  and  retrofit;  revisions  to  the  AMP 
and  the  EDP;  reclassification;  disposal. 

Appendix  A.  Life  Cycle  Management  Model  for  Army  Systems  Flow  Chart 
Guide. 

Appendix  B.  Narrative  Explanations. 

Appendix  C.  Abbreviations. 
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Linear  Programming  and  Associated  techniques 
Riley,  Vera  and  Saul  1.  Gass 

Baltimore,  The  John  Hopkins  Press,  1958,  613  p. 

Bibliographic  References  Series  No.  3. 

A  comprehensive  bibliography  on  linear,  nonlinear  and  dynamic 
programming,  containing  references  to  over  1000  items,  an  Intermixture 
of  articles,  books,  monographs,  documents,  theses,  conference  proceed¬ 
ings,  etc  Closing  date  for  inclusion  was  June  1957.  Alphabetically 
hy  author,  with  b  brief  description  of  the  work. 

I.  Introductiont  mathematical  summary i  introduction  to  the  literature) 
basic  references. 

II.  General  Theoryi  mathematical  theory)  computational  techniques) 
methods  for  solving  linear  systems)  linear  inequalities  and  convex 
sets)  gam-a  theory. 

III.  Appllcatiottst  general  survey)  industrial  applications)  trans- 
protation  problems)  assignment  problems i  contract  awards) 
military  applications)  agricultural  applications)  economic 
analyses;  production  scheduling  and  inventory  control) 
etructural  deeignf  equipment  replacement!  other  applications. 

IV.  Nonlinear  and  Dynamic  Programming. 

Appendix.  Author  Index. 
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Linear  Programming  and  Extensions 
Dantaig.  George  B. 

Santa  Monica,  The  Rand  Corporation,  1963,  621  p. 

Rand  No.  R-366-PR. 

"This  book  is  concerned  with  the  theory  and  solution  of  linear 
inequality  systems." 

I.  The  Linear  Programming  Concept. 

II.  Origins  and  influences. 

III.  Formulating  a  Linear  Programming  Model. 

IV.  Linear  Equation  and  Inequality  Systems. 

V.  The  Simplex  Method. 

VI.  Proof  of  the  Simplex  Algorithm  and  the  Duality  Theorem. 

VII.  The  Geometry  of  Linear  Programs. 

VIII.  Pivoting,  Vector  Spaces,  Matrices,  and  Inverses. 

IX.  The  Simplex  Method  Using  Multipliers. 

X.  Finiteness  of  the  Simplex  Method  Under  Perturbation. 

XI.  Variants  of  the  Simplex  Algorithm. 

XII.  The  Price  Concept  in  Linear  Programming. 

XIII.  Games  and  Linear  Programs. 

XIV.  The  Classical  Transportation  Problem. 

XV.  Optimal  Assignment  and  Other  Distribution  Problems. 

XVI.  The  Transshipment  Problem. 

XVII .  Networks  and  the  Transshipment  Problem. 

RVIII.  Variables  with  Upper  Bounds. 

XXX.  Maximal  Flows  in  Networks. 

X,(.  The  Primal-Dual  Method  for  Transportation  Problems. 

XXt.  The  Weighted  Distribution  Problem. 

XXII.  Programs  with  Variable  Coefficients. 

XXI L  •  A  Decomposition  Principle  for  Linear  Programs. 

XXIV  Convex  Programming. 

XXV.  Uncertainty. 

XXVI.  Discrete  Variable  Extremum  Problems. 

XXV11.  Stlgler's  Nutrition  Model)  An  Example  of  Formulation  and 
Solution. 

XXVIII.  The  Allocation  of  Aircraft  to  Routes  Under  Uncertain  Demand. 
Bibliography. 

Index. 
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Linear  Programming  Under  Uncertainty 
Dantsig,  George  B. 

Santa  Monica,  The  Rand  Corporation,  1954,  18  p. 

Rand  No.  P-596. 

Summaryi  "A  class  of  linear  programming  models  ie  considered  where 
the  activities  are  divided  Into  two  or  more  stages.  The  quantities 
of  activities  In  the  first  stage  are  the  only  ones  that  can  be 
determined  in  advance  because  those  in  the  second  and  later  stages 
depend  on  the  outcome  of  random  events.  Theorems  on  convexity  of 
the  objective  (cost)  functions  are  established  for  the  general  m-stage 
case.  A  complete  computational  procedure  is  given  for  a  special  class 
of  two-stage  problems  in  which  allocations  in  the  first  stage  are 
made  to  meet  an  uncertain  but  known  distribution  of  demands  occurring 
in  the  second  stage." 
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Management  and  Mathematical  the  Practical  techniques  Available 
Fletcher,  Allan  and  Geoffrey  Clarke 

New  York,  Gordon  and  Breach,  1964,  235  p. 


This  book  is  designed  to  give  the  executive  a  wider  comprehension  of 
the  basic  mathematics  underlying  the  techniques  of  operations  research 
computer  applications,  etc* 

Introduction . 

I.  Linear  Programming  -  tne  Transportation  Technique. 

II.  Linear  Programming  -  the  Simplex  Algorithm. 

III.  Networks  Methods. 

IV.  Program  Evaluation  and  Review  Technique. 

V.  Inventory  Control. 

VI.  Forecasting  Techniques. 

VII.  Queuing  Theory. 

VIII.  Simulation. 

IX.  Replacement  Theory. 

X.  Dynamic  Programming. 

XI.  The  Theory  of  Games. 

XII.  Response  Surface  Analysis. 

Appendix.  Electronic  Computers  and  the  Development  of  Data~Proc.essing 
Centers. 


Management  Sciences!  Models  and  Techniques 

Proceedings  of  the  Sixth  International  Meeting  of  the  'nstitute  of 
Management  Sciences. 

New  Vork,  Pergamon  Press,  1959,  2  volumes,  1113  p. 

Volume  it  Sessions  1-7;  Volume  2t  Sessions  8-14. 

Opening  of  the  Conference. 

Session  1.  Management  Economics!  limits  to  the  laws  of  integration 
and  specialisation  of  labor, j  choosing  the  best  moment  for  overhaul} 
on  the  theory  and  computation  of  delegation  models,  k-ef f iciency , 
functional  efficiency  and  goals;  the  optimum  dividend  rate; 

operations  research  -  experience  in  an  underdeveloped  economy; 
the  role  of  economics  in  management  science. 

Session  2.  Simulation;  survey  in  simulation;  integration  of  modelling 
and  simulation  In  organisational  studies;  on  the  feedback  approach 
to  industrial  systems  design;  simulation  in  dynamic  models;  a  study 
in  planning  -  scheduling  using  simulation  and  linear  programming 
methods. 

Session  3.  Management  Games!  remarks  on  some  experiments  in  manage¬ 
ment  games;  contributions  and  experiences  in  management  games;  a 
decision  game  of  managerial  strategy  as  a  research  tool;  the 
appreciation  of  operational  research  through  a  management  exercise; 
business  gaining  in  management  science  education;  the  future  of 
management  gaming. 

Session  4.  Decision  Processes!  pricing,  investment  and  games  of 
strategy;  mathematical  programming  in  marketing;  linear  programming 
under  uncertainty;  the  effect  of  forecasting  errors  on  optimal 
programming;  the  interplay  between  decision  makers;  remarks  on 
linear  programming  with  integer  solutions. 

Session  5.  Computer  Systems!  automatic  treatment  of  information  and 
management;  comparison  of  computer  approach  in  Europe  and  America; 
ui/«  of  a  computer  'gamma  tambour'  for  the  planning  of  a  shop;  a 
computation  for  the  bounded  variables  problem  using  FACOM  128  11;  on 
the  analysis  of  structural  properties  of  largescale  micro-economic 
input-output  models. 

Session  6.  Fundamentals  in  Management  Education. 

Session  7.  Production  and  Inventory  Management!  a  model  of  financial 
control,  of  inventory  in  a  complex  organisation;  determining  cost 
factors  for  an  Inventory  model;  marginal  analysis  of  lost  salon; 
plant  production  management;  control  of  finished  goods  inventory; 
economic  aspects  of  Inventory  control. 

Session  8.  Measurements  in  Management. 

Session  9.  Behavioral  Sciences. 

Session  10.  Organisational  Theory  and  Management  Communications. 

Session  11.  Research  and  Development  Management. 

Session  12.  Long-Range  Planning!  a  quasi-analytic  method  for  long- 
range  planning;  the  state  of  the  art  in  using  long-range  plans;  on 
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the  long-rung*  study  of  the  investments  In  tho  French  Paver  Industry* 
forecasting  at  tha  level  of  a  firm  or  a  group  of  firms. 

Session  13,  Css*  Historiss. 

Session  14.  Methodology)  management  economics  snd  operations  research* 
applied  management  sciences  research  in  a  decentralised  Industrial 
firm*  management  decision  making  with  research  information j  marketing 
strategy i  operations  research  approaches  to  sales  incentives  and 
distribution  coat  analysis |  an  operational  approach  to  the  design  of 
worki  problems  of  inventory  under  limited  capacity)  «  method  for 
management . 

Summation. 

Appendix,  the  Institute  of  Management  Sciences. 

Indexes)  author,  subject  (French),  subject  (Bnglieh). 
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Managerial  Economies 
Spencer,  Milton  H. 

Homewood,  Richard  0.  Irwin,  third  edition,  196b,  513  p. 


1.  Introduction)  Risk  and  Uncertainty)  clarification  of  decision 
making )  the  concept  of  certainty)  the  concept  of  ri»k(  the  concept 
of  uncertainty)  a  modern  analytical  concept  of  management) 
conclusion. 

It.  Approachtio  to  Management  Decision  Making  and  'i'heorie#  of  the 

Firm)  microeconomics)  linear  programming )  statistical  decision 
making)  behavioral  sc i anna)  theory  of  games)  conclusions. 

III.  Forecasting!  mechanical  extrapolations)  barometric  techniques) 
opinion  polling)  econometric  models. 

IV.  Profit)  profit  theories)  unresolved  considerations  in  profit 
theory)  profit  measurement)  profit  planning  and  control. 

V.  Demand)  analytical  framework)  price)  constructing  elementary 
demand  models)  prices  of  substitutes  and  complements)  income) 
elasticity  interrelations. 

VI.  Productloni  theoretical  production  functions)  analytical  frame- 
work)  techniques  of  optimum  input  analyuia)  theory  of  returns  to 
•cals  of  plant. 

VII.  Cout)  nature  and  types)  incremental)  coat-output  functions) 
coat  measurement)  statistical  cost  function*. 

VIII.  Advertising. 

IX.  Pricing. 

X.  Antitrust. 

XI.  Capital  Budgeting. 

Xtl.  Capital  Measurement  and  Financial  Policy. 

XIII.  Simulation)  symbolic  models)  some  simulation  ptocasaes. 

XIV.  Linear  Programming  and  Economic  Analysis i  elementary  geometry 
of  linear  programming)  alamancavy  algebra  of  linear  programming) 
the  duel  problem)  th*  generalised  linear  programming  problem  and 
methode. 

Appendix.  Discount  Tables  and  Charts)  Common  Logarithms. 

Index. 
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Mathenwt.ic.4l  Analysis  for  Business  Decisions 
Howell,  James  Edwin  end  Daniel  Teichroew 

Homewood,  Richard  D,  Irwin,  1963,  320  p. 

This  book  la  written  for  the  student  or  the  buriness  practitioner  who 
«c*«d»  to  learn  enough  about  the  literature  and  understand  recent 
developments  in  the  several  fields  of  business  as  well  as  to  tinder- 
stand  and  be  able  to  work  with  the  ever-growing  number  of  specialists 
who  are  becoming  Increasingly  important  In  business,  industry,  and 
the  government. 

I.  Elementary  Mathematical  Relations!  functions)  graphs  of  functions 
nr.d  equations. 

II.  kites  of  Change)  slopu  of  a  line  and  rate  of  change)  limits  and 
continuity)  Instantaneous  rate  of  change. 

III.  Differentiation  of  Functions:  elementary  differentiation 
theorems)  composite  functions)  higher-order  derivatives)  implicit 
functions)  inverse  functions. 

IV.  Optimising  Functions  ol‘  One  Variable)  Maxima  and  miminaj  solving 
equations. 

V.  Applications  of  ths  Derivatives  cases}  break-even  analysis, 
optimisation,  and  the  marginal  analysis. 

VI.  Algebraic  and  Transcendental  Functional  exponents  and 
exponentials;  logarithmic  function*)  algebraic  functions. 

VII.  Multivariate  Functions)  functions  of  several  variables)  partial 
differentiation)  theory  of  extrema  for  multivariate  functions) 
lagranglan  multipliers. 

VIII .  Summation  and  Integration:  the  definite  integral  as  a  uumj  the 
fundamental  theorem  of  the  calculus)  integration)  area. 

XX.  Probabilistic  Models)  random  variables  and  distribution  functions 
discrete  distribution  functions)  an  application  of  probability 
theory. 

X.  The  Mathematics  of  Finance  and  Accounting:  types  of  interest) 
uniform  periodic  payments;  prarent  value)  canes. 

XI.  Applications  to  Business.  Decisions)  cassu. 

XII.  Linear  Systems  and  Matrices:  matrices)  matrix  solution*  of 
linear  systems)  subscript  notation;  existence  of  an  inverse) 
linear  regression  analysis. 

XIII.  Linear  Programming)  the  linear  programming  rood?1.)  a  three- 
product  problem)  additional  information  from  LP  solutions; 
applications  of  linear  programming . 

XIV.  Management  Science  Models:  the  management  sc  lance  approacu) 
limitations  and  extensions  of  the  management  science  approach) 
the  present  status  of  management  science. 

Appendix  1.  Differentiation  Formulas. 

Appendix  2.  Integration  Formulas. 

Appendix  3.  Notes  on  Probability. 

Appendix  4,  Properties  of  Exponents  and  Logarithms, 

Appendix  3,  Tables. 

Index. 


Mathematical  Optimisation  Techniques 
Bellman,  Richard 

Santa  Monica,  The  Rand  Corporation,  1963,  346  p. 

Rand  No.  R-396-PR. 

"The  papers  collected  in  thiB  volume  were  presented  at  the  Symposium 
on  Mathematical  Optimisation  Techniques  hold  in  Santa  Monica,  California, 
10-20  October,  1960.  The  techniques  discussed  included  recent  develop¬ 
ments  in  linear,  integer,  convex,  and  dynamic  programming  as  well  as 
the  variational,  procosser.  surrounding  optimal  guidance,  flight 
trajectories,  statistical  decisions,  structural  configurations  and 
adaptive  control  systems."  Part  Is  aircraft,  rockets,  and  guidance 
(chapters  1-4) j  Part  2t  communication,  prediction,  and  decision 
(chapters  5-9)  i  Part  3t  programming,  combinatorics,  and  design 
(chapters  10~l4)j  Part  4:  models,  automation,  and  control  (chapters 
15-17). 

Introduction  (Richard  Bellman). 

I.  A  Survey  of  the  Problem  of  Optimiaing  Flight  Paths  of  Aircraft  and 
Missiles  (Angelo  Miole). 

II.  Estimating  Performance  Capabilities  of  Boost  Rockets  (P. 
Dergarabedlan  and  R.P.  Ten  Dyke). 

III.  The  Optimum  Spacing  of  Corrective  Thrusts  in  Interplanetary 
Navigation  (d.V.  Breakwell). 

IV.  The  Analysis  and  Solution  of  Optimum  Trajectory  Problems  (Stuart 
E.  Dreyfus). 

V.  A  New  Approach  to  the  Synthesis  of  Optimal  Smoothing  and  Prediction 
Systems  (Emanuel  Paraen). 

VI.  Adaptive  Matched  Kilters  (Thomas  Kailath). 

VII.  Optimisation  Problems  in  Statistical  Communication  Theory  (David 
Middleton) . 

VIII.  Estimators  with  Minimum  Bias  (William  Jackaon  Hall). 

IX.  On  t.he  Optimal  Replacement  Rules  When  Changes  of  State  Are 
Markovian  (C.  Herman). 

X.  Simplex  Method  and  Theory  (A.W.  Tucker), 

XI.  The  Present  Status  of  Nonlinear  Programming  (P.  Wolfe). 

XII.  The  Number  of  Siinpllces  in  a  Complex  (Joseph  B.  Kruskal). 

XIII.  Optimisation  in  Structural  Design  (William  Prager). 

XIV.  Geometric  and  Game-Theoretical  Methods  in  Experimental  Design 
(G.  Elfving). 

XV.  Automation  and  Control  in  the  Soviet  Union  (J.P.  LaSalle). 

XVI.  The  Theory  of  Optimal  Control  and  tho  Calculus  of  Variations 
(R.E.  Kalman). 

XVII.  Mathematical  Model  Making  as  an  Adaptive  Process  (Richard 
Bellman) . 


Index. 


Mathematical  Statistics 
Wilks,  Samuel  Stanley 

Princeton,  Princeton  University  Press,  1943,  284  p. 


1.  Introduction. 

Ii.  Distribution  Functions!  cumulative  distribution  functions) 
marginal  distributions)  statistical  independence)  conditional 
probability)  the  Stieltjes  integral;  transformation  of  variables) 
mean  value)  moment  generating  functions;  regressions. 

III.  Some  Special  Distributions:  discrete  distributions;  the  normal 
distribution;  Pearson  system  of  distribution  functions)  the 
Gram-Charlier  series. 

IV.  Sampling  Theory:  application  of  theorems  on  mean  values  to 
sampling  theory;  sampling  from  a  finite  population)  representative 
sampling)  sampling  theory  of  order  statistics)  mean  values  of 
sample  moments  when  sample  values  are  grouped,  Sheppard  corrections 
appendix  on  Lagrange's  multipliers. 

V.  Sampling  from  a  Normal  Population:  distribution  of  sample  mean) 
the  x  -distribution:  the  student  t-diatribut ion)  Snedecor's 
F-distr ibution)  distribution  of  second  order  sample  moments  in 
samples  from  a  bivariate  normal  distribution)  independence  of 
second  order  moments  and  means  in  samples  from  a  normal  multi¬ 
variate  distribution. 

VI.  On  the  Theory  of  Statistical  Estimation:  confidence  intervals 
and  confidence  regions)  point  estimation,  maximum  likelihood 
statistics)  tolerance  interval  estimation)  the  fitting  of 
distribution  functions. 

VII.  TeBts  of  Statistical  Hypotheses;  statistical  tests  related  to 
confidence  intervals;  likelihood  ratio  tests)  the  Neyman- 
Pearson  theory  of  testing  hypotheses. 

VIII.  Normal  Regression  Theory:  case  of  one  fixed  variatej  cisc  of  k 
fixed  variates)  a  general  normal  regression  significance  test; 
the  minimum  of  a  sum  of  squares  of  deviations  with  respect  to 
regression  coefficients  which  are  subject  to  linear  restrictions. 

IX.  Applications  of  Normal  Regression  Theory  to  Analysis  of  Variance 
Problems:  testing  for  the  equality  of  means  of  norms!  populations 
with  the  same  variance)  randomised  blocks  or  two-way  layouts) 
three-way  and  higher  order  layouts,  interaction)  latln  squares) 
greco-latin  squares)  analysis  of  variance  of  Incomplete  layouts) 
analysis  of  cavariance, 

X.  On  Combinatorial  Statistical  Theory:  the  theory  of  runs)  applica¬ 
tion  of  run  theory  to  ordering  within  samples;  matching  theory) 
Independence  in  contingency  tables)  sampling  inspection. 

XI.  An  Introduction  to  Multivariate  Statistical  Analysis:  The  Wlshart 
distribution;  reproductive  property  of  same;  independence  of  means 
and  second  order  moments  in  samples  from  a  normal  multivariate 
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population;  Hotelling's  generalised  student  test;  the  hypothesis 
of  equality  of  means  In  multivariate  normal  populations;  the 
hypothesis  of  Independence  of  9ets  of  variables  in  a  normal  \ 
multivariate  population;  linear  regression  theory  in  normal 
multivariate  populations;  remarks  on  multivariate  analysis  of 
variance  theory;  principle  components  of  total  variance; 
canonical  correlation  theory;  the  sampling  theory  of  the  roots  of 
certain  determlnantal  equations. 

Literature  for  Supplementary  Reading, 

Index. 
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Mathematics  and  Statistics  for  Economists 
Tintner,  Gerhard 

Now  York,  Rinehart  and  Company,  19154,  363  p. 


This  book  includes  some  applications  of  elementary  mathematics  to 
economics,  as  well  as  topics  in  calculus,  probability,  and  elementary 
stat 1st ics. 


Preface. 

Sources  of  Numerical  Examples.  1 

I. ,  Some  Applications  of  Elementary  Mathematics  to  Economics:  functions 
l  and  graphs;  linear  equations  in  one  unknown;  systems  of  linear 

equations;  quadratic  equations  in  one  unknown;  logarithms; 
progressions;  determinants;  linear  difference  equations  with 
constant  coefficients.  \ 

II.  Calculus:  functions,  limits,  and  derivatives;  rules  of 
differentiation;  derivatives  of  logarithmic  and  exponential 
functions;  economic  applications  o;f  the  derivatives;  additional 
applications  of  derivative^;  higher  derivatives;  maxima  and  minima 
in  one  variable,  inflection  points;  derivatives  of  function  of 
several  variables;  homogeneity ;  higher  partial  derivatives  and 
applications;  elements  of  integration. 

III.  Probability  and  Statistics:  probability;  random  variables; 
moments;  binomial  and  normal  distributions;  elements  of  sampling; 
tests  of  hypotheses;  fitting  of  distributions;  regression  and 
correlation;  index  numbers. 

Postscript.  Suggestions  for  Further  Readfng. 

Answers  to  Odd-Numbered  Problems. 

Tables:  four-plaqe  common  logarithms  of  numbers;  natural  trigonometric 

functions  for  decimal  fractions  of  a  degree;  four-place  natural 
logarithms;  areas  of  the  normal  probability  curve;  students' 
t-disti ibution;  x^  probability  scale. 

Indexes:  names;  mathematical  and  statistical  terms;  economic  terms. 
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Mathematics  of  the  Decision  Sciences 
Lecture  notes 

Stanford,  Stanford  University,  1967,  906  p. 

AD  658  894. 

Lecture  notes  prepared  in  connection  with  the  summer  seminar  on 
mathematics  of  decision  sciences,  held  at  Stanford  University  July  10 
to  August  11,  1967. 

Survey  of  Mathematical  Programming  (R.M.  Thrall). 

Necessary  Conditions  of  Optimncity  in  Control  and  Programming  (E.  Polak). 
Mathematical  Programming  (George  B.  Danteig). 

Survey  of  Mathematical  Programming  (Michel  L.  Balinski). 

Nonlinear  Programming  (Terry  Rockefeller ) . 

Mathematical  Economics  (Kenneth  Arrow). 

Mathematical  Economics  (David  Gale). 

Computational  Aspects  of  Control  Theory  (J.B,  Rosen). 

Mathematical  Programming  (A.W.  Tucker). 

Mathematical  Programming  (Richard  Cottle). 

Networks  and  Graphs  (D.R.  Fulkerson). 

Combinatorial  Methods  (Jack  Edmonds). 

Integer  Programming  (Ralph  E.  Gomory). 

Mathematical  Programming  (Carlton  Lemke). 

Optimal  Inventory  Control  (Arthur  F.  Veinott,  Jr.). 

Diffusion  Approximations  in  Applied  Probability  (Donald  L.  Inglehart). 
Optimal  Stochastic  Control  (Herman  Chernoff). 

Reliability  Theory  (Richard  E.  Barlow). 

Markovian  Declaion  Procesaes  (Cyrus  Derman). 

Learning  Theory  (M.  Frank  Norman). 

Measurement  and  Psychophysics  (David  Krants). 

Computer  Science  (Abraham  Taub), 

Perception  Problems  (Andrse  J.  Ehrenfeucht) . 


A  Method  for  Deriving  Confidence  Estimates  In  Cost  Analysis 
Yates,  E.H.  |  H.M.  Stanfisldj  D.K.  Nance 

Santa  Barbara,  Defense  Research  Corporation,  1.966,  19  p. 

Technical  Memorandum  231.  AD  611  034. 

Abstract:  "Predictive  cost  estimates  often  contain  large  uncertainties 
Bias  errors  arise  from  unforeseen  requirements,  and  are  difficult  to 
predict.  However,  a  substantial  part  of  the  uncertainty  is  dma  to 
Incomplete  definition  of  the  system  elements,  and  can  be  treated  as  a 
random  error,  which  can  be  quantified,  Large-system  cost  estimates 
are  made  up  of  many  cost  elements.  If  their  probability  distributions 
are  known,  the  distribution  of  the  system  cost  esn  be  obtslned. 

Element  cost  distributions  can  be  found  by  applying  cost  estimating 
relationships  to  data  on  similar  elements  of  known  costs,  and  treating 
the  results  as  a  frequency  distribution.  In  the  absence  of  sufficient 
dat<i(  distributions  can  be  crudely  estimated  by  common-sense  procedures 
Because  the  element  distributions  srs  generally  difficult  to  define, 
the  system  cost  distribution  has  only  limited  validity.  However, 
predictions  of  the  form  tSystem  cost  will  lie  between  A  and  B  with 
probability  p'  can  be  made  with  considerable  confidence  If  they  are 
restricted  to  fairly  broad  Intervals,  and  will  bound  the  estimate  much 
more  closely  than  merely  estimating  the  maximum  and  minimum  possible 
costs." 

I.  Introduction. 

II.  Foundations!  kinds  of  uncertainty}  statistical  background. 

III.  Estimating  Distributions  of  Cost  Elements!  basic  approachi 
other  techniques. 

IV.  Estimating  the  Distribution  of  Total  Cost. 

V.  Validity  of  the  Overall  Method. 

Appendix.  Distribution  of  Total  Cost  When  There  Are  Few  Elements. 


Methodology  Notebook  for  Action  Officers 
Operations  Research/Systems  Analysis  Executive  Course 

Fort  Belvoir,  US  Army  Management  School,  143  p. 

CT-501-N. 

Abstract:  "This  document  presents  descriptions,  illustrations,  and 
applications  of  various  tools  and  techniques  used  in  military  operations 
research.  Topics  covered  include  the  role  of  operations  research  in 
the  United  States  Army  Combat  Developments  Command;  the  nature  of 
models  and  their  development;  simulation;  research  wargaming',  field 
experimentation  in  USACDC;  troop  testing  and  field  evaluation;  cost/ 
effectiveness  analysis;  computer  utilisation,  capabilities,  and 
limitations;  human  behavioral  systems,  models,  and  data  collection 
techniques;  human  factors  analysis;  systems  analysis,  its  planning, 
scheduling,  and  synthesis  of  results;  and  computer  applications.  A 
glossary  and  bibliography  are  included." 

Fart  One:  Command 

I.  Introduction. 

II.  The  Research  Problem. 

III.  Models. 

IV.  Simulation. 

V.  Research  War  Games. 

VI.  Field  Experimentation. 

VII.  Troop  Testing. 

VIII.  Cost/Effectiveneas  Analysis. 

IX.  Human  Factors  Analysis. 

X.  Systems  Analysis. 

XI.  Computer  Applications. 

G losaary. 

Bibliography. 
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Methods  and  Procedures  for  Economic  Analysis  of  Proponed  Government 
Investments 

Palmour,  Vernon  E. ;  Stephen  K.  Dietz;  Paul  H.  Earl;  Robert  R.V. 

Wiederkehr 

Westat  Research,  Inc.,  1969,  89  p. 

WK  PO-21.  AD  855  605. 

"The  primary  purpose  of  this  investigation  in,  first,  to  consider  the 
present  value  (discounted  present  value)  method  of  aggregating  costs 

and/or  benefits  over  time  and,  second,  the  use  of  this  approach  in 
economic  analysis  of  proposed  investments  In  weapon  systems.  The 
concept  of  present  value,  or  discounting  as  it  is  sometimes  called, 
will  be  discussed  especially  as  applied  In  the  comparison  of  weapon 
systems.  Also  analyzed  in  this  report  will  be  the  associated  problems 
of  choosing  a  discount  rate,  the  length  of  planning  period  and  the 
estimation  of  residual  values,  and  Che  treatment  of  risk  and  inflation. 
This  investigation  is  concerned  only  with  the  problem  of  selection 
between  alternative  systems  In  order  to  accomplish  a  specified  objective. 
The  problem  of  choosing  a  set  of  projects  to  exhaust  a  given  budget 
is  not  treated." 

I.  Introduction!  general  problem  of  economic  choice;  scope  of  present 
study;  major  conclusions  and  recommendations. 

II.  The  Presont-Vaiue  Criterion  in  the  Analysis  of  Proposed  Government 
Investments:  the  present-value  criterion;  discount  rate  (schools 
of  thought,  summon  errors  and  misconceptions);  planning  period 
and  residual  value;  use  for  selecting  alternatives  (performance 
level,  alternative  system,  effect  of  benefit  and  cost  constraints, 
the  more  generaL  case);  risk  and  uncertainty  (definitions,  other 
interpretations,  when  benefits  not  in  dollars,  government 
recklessness,  treatment  of  risk);  treatment  of  inflation  in 
discounting  analysis  (inclusion  and  exclusion  approaches,  con¬ 
clusions  and  recommendations). 

III.  Economic  Analysis  of  Proposed  Investments  in  Weapon  Systems: 
cost-effectiveness  analysis;  criteria  for  selecting  between 
alternative  weapon  systems;  discount  rate,  inflation,  and  risk; 
planning  period  and  residual  value;  effect  of  expenditure 
profile,  planning  period  and  interest  rate  on  present  value  of 
systems  costs. 

Appendix.  Derivation  of  an  Expression  for  the  Discount  Reduction 
Factor,  F. 

References. 
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Methods  foe  Evaluating  the  Coat/Eff setiveness  of  Alternative  Support 
Plane  for  Major  Weapon  Syatema 
LM1 

Washington,  Logistics  Management  Institute,  1965,  64  p. 

LM1  Project  6P.  AD  476  471. 

Summary:  "The  purpose  of  the  study  was  to  develop  and  demonstrate 
certain  qu/mtitative  techniques  or  methods  as  the  first  steps  toward 
equipping  the  DOD  with  improved  methods  for  measuring  and  evaluating 
the  relative  cost/effectiveness  of  alternative  logistics/suppo: t 
programs  for  such  weapon  systems.  This  report  contains  a  description 
of  tha  measurement  methods  which  we  have  developed  and  some  examples 
of  how  they  could  be  used  in  logistics/support  planning.  Some  of  the 
methods  could  be  used  now  in  the  planning  and  management  of  individual 
weapon  systems."'  The  report  also  deals  with  the  gt'ps  left  for  study 
and  their  relationship  to  cost/ef fectivenens  measurement. 

Preface. 

Summary  of  Report. 

I.  Introduction:  background;  study  assignments  (study  methods, 
developments  affecting  the  conduct  of  the  study). 

II.  Findings  and  Discussion:  logistics/support  planning  and  manage¬ 
ment  (scope  of  logistics/support  for  a  weapon  system,  the  F-4 
system  and  the  evolution  of  logistics/support  concepts);  require¬ 
ments  for  improved  concepts  of  cost/effectiveness  logistics/ 
support  (general,  simulations  and  models) . 

III.  Model  for  Measuring  Integrated  Logistics/Support  System  Cost/ 
Effectiveness:  objectives  and  criteria;  uses  of  common  measures 
and  rulas;  measurement  techniques  (definitions,  symbology, 
concepts,  measures  of  total  system  logistlcs/cost/effectiveness, 
cost  of  a  weapon  per  unit  of  time). 

IV.  Conclusions  and  Reconnendat ions. 
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Method#  of  Operations  Research 
Mores,  Philip  M.  and  George  E.  Kimball 

New  York,  John  Wiley  and  Sona,  1931,  158  p. 


I.  Introduction}  definition  of  operation*  research}  example*} 
methods}  paraonnel  and  organisation. 

II.  Probability!  fundamental  concepts  (probability,  distribution 
functions,  compound  probability,  expected  values)}  simple 
distribution  laws  (binomial,  normal,  Poisson)}  sampling  (chi- 
aquared  test,  examples). 

III.  The  Use  of  Measures  of  Effectiveness*  sweep  rate*}  exchange 
rates}  comparative  effectiveness}  evaluation  of  equipment 
performance. 

IV.  Strategical  Kinematics!  force  requirements}  Lancheeter's 
equations}  probability  analysis  of  Lancheeter's  equations} 
generalised  Lancheeter's  equation*}  reaction  rate  problems. 

V.  Tactical  Analysis)  statistical  solutions}  analytical  solutions 
involving  search  theory}  measure  and  counter  measure}  theoretical 
analysis  of  counter  measure  action. 

VI.  Gunnery  and  Bombardment  Problems. 

VII.  Operational  Experiments  with  Equipment  and  Tactlca. 

VIII.  Organisational  and  Procedural  Problems. 

Tables. 

Bibliography. 

Index. 


Military  Analysis 
Quads,  E.S. 

Santa  Monica  (California),  The  Rand  Corporation,  1965,  36  p. 

Rand  Memorandum  RM-4808-PR.  AO  624  463. 

This  memorandum  points  out  the  need  for  the  application  of  analytic 
techniques  to  military  problems  and  for  an  understanding  of  these 
techniques  by  military  officers.  It  defines  systems  analysis, 
describes  its  essential  features,  illustrates  the  process  of  analysis 
with  examples,  points  out  its  virtues  and  limitations,  and  concludes 
with  some  remarks  about  its  future. 

Introduction. 

Definitions. 

The  Essence  of  the  Methodi  the  objective,  the  alternatives,  the  costs, 
a  model,  a  criterion. 

A  Narrow  Example!  Selection  of  a  new  aircraft  engine. 

A  Broader  Example!  Defense  of  a  Missle  Force. 

The  Process  of  Analysis. 

The  Virtues. 

The  Limitations. 

The  Future. 

Concluding  Remarks. 
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Military  Coat  Analysis 

Gross*)  Robert  N.  and  Arnold  Proschsn 

McLean,  Research  Analysis  Corporation,  1965,  8  p. 

RAC  Paper  RAC-P-6.  AO  622  113. 

this  paper  was  prepared  for  presentation  at  the  NATO  Conference  on 
Applications  of  Operations  Research  to  Military  Resource  Allocation 
and  Planning,  Sandefjord,  Norway,  August  1965. 


Military  Systems  Analysis 
Quad*,  E.d, 

Sant*  Monica,  Tha  Rand  Corporation,  1963,  29  p. 

Rand  Mamorandum  RM-3452-PK.  AD  292  026. 

This  mamorandum  was  sponsored  by  tha  US  Air  Force  under  Project  Rand 
and  prepared  for  publication  as  n  chapter  in  a  book,  Military 
Operations  Research,  Barnard  0.  Kooptnan,  Editor,  to  be"pul)li»hed  by 
t;W~Op*eraTions  Research  Society  of  America  in  ita  series,  Publications 
In  Operations  Research.  "Systems  analysis  is  an  approach  to  complex 
problems  of  choice  under  uncertainty  by  systematically  examining  the 
costs,  effectiveness,  and  risks  of  the  various  alternatives.  This 
Memorandum  attempts  to  survey  the  problems  and  procedures  of  such  an 
analyaia  when  applied  to  a  military  context." 

Introduct ion. 

Formulation  of  the  Problem!  contexts  objectives,  criteria)  hypotheses. 
Search!  factat  probabilities!  alternative*!  costs. 

Explanation;  model  building)  approximation)  computations)  results. 
Interpretation!  nonquantif iablesi  innommensurables)  uncertainties) 
conclusions. 

Concluding  Commenta. 

Reference. 
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Military  Systems  Goat  Analysis  (A  Summary  l.aetura  for  tha  AFSC  Goat 
Analysis  Couraa) 

Fisher,  G.H. 

Santa  Moflica,  The  Rand  Corporation,  1962,  22  p. 

Rand  Memorandum  RM-2973-PR. 

Summary)  "In  the  context  of  thic  memorandum,  coat  analyaia  rafara  to 
the  determination  of  the  probable  economic  resource  Impact  of  futura 
Air  Force  weapon  and  support  systems.  Five  major  aspects  of  coat 
analysis  are  etraaaadi  understanding  tha  problem  or  context  in  which 
coat  estimates  era  to  ba  uaad,  assembling  tha  baaio  data,  darlvlng 
coat-estimating  relationships,  using  these  relationships  to  make  an 
estimate,  and  presenting  tha  rasulte.  Both  hardware  and  nonhardwara 
system  cost  components  are  discussed,  and  tha  sensitivity  of  total 
•yatam  cost  to  variations  in  the  cost  and  characteristics  of  these 
components  is  considered." 

Preface. 

Summary. 

General  Remarks. 

Tha  Cost  Analysis  Process. 

Further  Comments  on  Cost-Estimating  Relationships. 

Hardware  Cost  Analyaia. 

Research  and  Development. 

Non-Hardware  System  Cost  Components. 

Pulling  Together  the  Total  System  Coat  Eatlmete. 

Weapon  System  Cost  Sanaltlvlty  Analyaia. 

Concluding  Remarks. 


Models  In  Cost-Effectiveness  Analysis*  An  Example 
Bryk,  Oliver 


McLean,  Research  Analysis  Corporation,  1965,  29  p. 

RAC  Paper  RAC-P-2.  AD  622  109. 

This  paper  describes  some  approaches  to  modeling  for  systems 
analysis  or  cost-effectiveness  studies. 

Introduction!  elements  of  cost-effectiveness  analysis;  role  of  model 
objective;  conceptual  design  of  the  models;  description  of  models 
(effectiveness,  systsms,  cost,  cost-effectiveness  models), 
References. 


A  Modern  Design  Cor  Defense  Decision?  A  McNamsra-Hitch-Enthoven 
Anthology 

McNamara,  Robert  S.|  Charles  J.  Hitch;  Alain  C.  Enthoven 
Washington,  D.C.,  Industrial  College  of  the  Armed  Forces,  1966,  259  p. 


A  compilation  of  the  thinking  of  the  three  principal  architects  of  the 
contemporary  approach  to  decision  making.  Part  1:  the  budget  aa  a 
management  tool  for  integrating  national  and  defense  policy  (chapters 
1-5);  Part  2:  the  organisational  framework  and  agency  responsibilities 
(chapters  6-8);  Part  3t  the  programming  system  (chapters  9-12);  Part  4t 
systems  analysis  (chapters  13-17);  Fart  5:  US  defense  policy  for  the 
1960's  (chapter  18). 

Foreword  (LTG  August  Shomburg). 

Introduction  (A.  Enthoven). 

I.  Managing  the  Department  of  Defense  (R.  McNamara). 

II.  Decision-Making  in  the  Department  of  Defense  (R.  McNamara). 

III.  The  Formulation  of  Political  Objectives  and  their  Impact  on  the 
Budget  (R.  McNamara). 
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V.  The  Department  of  Defense  Budget  and  the  National  Economy  (C.  Hitch). 

VI.  Evolution  of  the  Department  of  Defense  (C.  Hitch). 

VII.  Agency  Responsibility  for  Planning  and  Budgeting  (R.  McNamara). 

VIII.  The  Joint  Chiefs  of  Staff  and  the  Defense  Budget  (R.  McNamara 
&  General  Maxwell  Taylor). 

IX.  Development  and  Salient  Features  of  the  Programming  System 
(C.  Hitch). 

X.  Programming  and  Budgeting  in  the  Department  of  Defense  (A. 
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XVII.  Cost-Effectiveness  Analysis  of  Army  Divisions  (A.  Enthoven). 

XVIII.  US  Defense  Policy  for  the  I960ts  (A.  Enthoven). 

Appendix  1.  Introduction  of  New  Government -Wide  Planning  and 

Budgeting  System  (President  Lyndon  Johnson). 

Appendix  2.  An  Illustrative  Example  of  Systems  Analysis  (MAJ  William 
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Modern  Research  for  Administrative  Decisional 
Hough,  Louis 

.  i 

Englewood  Cliffs,  Prentice-Hall,  1970,  609  p.  ! 

This  book  attempts  to  meet  the  need  for  broa^  familiarity  with 
methods,  suggestive  theory,  and  practical  guidance  In  modern  decision 
theory. 

i 

I.  Scientific  Techniques  in  Administration:  controlled  quantitative 
investigation!  the  scientific  pursuit  of  knowledge;  the  need  for 
administrative  research. 

II.  Procedural  Concepts  in  Scientific  Research:  rationalism  versus 
the  analysis  of  data;  system  of  explanation;  scientific  methods 
end  truth;  the  development  of  the  research  problem)  discovering 
working  hypotheses;  statistical  design  in  experiments. 

III.  The  Structure  of  Administrative  Research:  adaptation  and 
control;  a  new  admlniatratlve  technology;  the  operations  research 
movement;  the  managerial  applications;  difficulties  in  the 
research;  pure  research  in  administration;  the  phases  in  an 
Investigation. 

IV.  The  'Elements  of  Decision  Theory:  microeconomic  decisions  and  the 
research  requirements!  an  illustration)  and  algebraic  model  of  the 
decision  criteria)  appraising  the  theory. 

V.  Objectives  and  Criteria  for  Decisions:  suboptimisation)  the 
objectives,  of  business  decisions;  maximising  Utility;  contentment 
levels. 

VI.  Research  Problems  and  Administrative  Diagnosis:  methods  as  a 
guide  to  research;  the  dominance  of  the  problem;  utilising 

\  existing  data;  the  identification  of  problems;  rtating  the 
'  problem. 

VII.  Predictive  Models  and  Simulations:  decisions  and  predictions; 
assumptions  and  validity;  the  model-building  sequence;  the 
classical  model  of  gravitation;  the  rent  or  buy  model. 

VIII.  The  Various  Forms  of  Administrative  Models.  \ 

IX.  Selecting  the  Variables. 

X.  The  Model  Building  Process. 

XI.  Standard  Theoretical  Models. 

XII.  Estimating  Parameters  and  Applying  the  Model:  the  parameters 

i  and  the  data;  verification;  revision;  manipulation;  making  the 
choice. 

XIII.  Management  by  Multistage  Models. 

XIV.  Computerisation  in  Administrative  Research. 

XV.  Research  for  Inventory  Decisions. 

XVI.  An  Introduction  to  Queue  Theory. 

XVII.  The  PERT  Network  for  Scheduling. 


XIX.  The  Assignment  Problem. 

XX.  The  Transportation  Method. 

XXI.  The  Simplex  Method. 

XXII.  Linear  Programming  Research. 

XXII 1.  Monte  Carlo  Research  Techniques. 


XXIV.  The  Analytic  3tudy  of  Total  Systems. 

XXV.  Information  for  System  Administration. 
Appendix  A.  Developing  the  Fundamental  Data. 
Appendix  D.  Mathematical  Rates  of  Change. 
Appendix  C.  Bayesian  Probability  Theory. 


A  Monte  Carlo  Simulation  Approach  to  Coat  Uncertainty  Analyala 
Schaefer,  Donald  F. j  Frank  J.  Husicj  Michael  F.  Gutoweki 

McLean,  Research  Analysis  Corporation,  1968,  82  p. 

Economics  and  Costing  Department  Study  009,135.  AD  850  054. 

Abstract!  "An  Important  aspect  of  cost  research  Is  the  measurement 
of  the  uncertainty  Inherent  In  the  projection  of  system  cost. 

Approaches  to  this  problem  have  In  the  past  centered  on  Intuition 
of  the  decision  maker  or  in  sensitivity  analysis.  Only  recently 
have  approaches  utilising  such  tools  aB  statistical  decision  theory 
and  probability  thaory  baan  formulated.  This  atudy  focuses  on  the 
Monte  Carlo  eimulatlon  approach  to  uncertainty  In  coat  analysis. 

This  approach  requires!  (a)  expression  of  input  estimates  as 
probability  distributions  reflecting  uncertainty,  and  (b)  cost 
equations  pertinent  to  a  particular  model.  The  Monte  Carlo 
simulation  approach  then  generates!  (a)  the  frequency  distribution 
for  system  cost,  and  (b)  statistical  measures  that  Illustrate  the 
nature  and  magnitude  of  system  cost  uncertainty.  Two  models  are 
developed,  the  Beta  model  end  the  Weibull  model,  each  of  which 
reflects  a  particular  distribution  form  for  the  Inputs.  The 
relative  costs  and  advantages  of  each  model  are  compared.  A  user's 
guide  to  the  program  and  complete  program  listings  are  presented  In  the 
appendix." 

For award. 

Abstract. 

Introduction. 

Cost  Undertainty  Analysis!  An  Overview!  cost  uncertainty  in 
decision  making  (value  of  probability  Information)}  methodology 
(overview  of  logic,  beta  variant,  Weibull  variant)}  model  input 
requirements  (beta  modal,  Weibull  model)}  output  format}  computer 
time  requirement!;)  conclusions. 

Appendix.  User's  Guide  to  Beta  and  Weibull  Programs!  Weibull  input 
requirements;  beta  input  requirements}  error  messages;  computer- 
hardware  and  software  requirements}  program  logic;  Weibull  program 
listing)  beta  program  listing;  computer  program  flow  charts. 
References. 
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Multivariate  Logarithmic  and  Exponential  Regression  Models 
Graver,  G.A.  and  H.E.  Boren,  Jr. 

Santa  Monica,  The  Rand  Corporation,  1967,  138  p. 

Rand  Memorandum  RM-4879-PR.  AD  656  768. 

Summary:  "This  memorandum  presents  a  statistical  study  of  a 
regression  function  of  the  form.Y  =  .  ,  X^p.  The  study 

is  concerned  primarily  with  (1)  how  to  pick  the  best^values  for  the 
unknown  parameters  (ho*H1»F2  •  •  *fO  Rive"  a  set  of  historical  data 
(Yi,  Xlt,  X2t  .  •  -  Xp| ,  i  =;  1,  2,  .  .  .  n),  and  (2)  hcv:  to  describe 
the  predictive  capability  of  the  choice  in  (l).'1 

Preface. 

Summary. 

I.  Introduction. 

II.  The  Multiplicative  Model:  assumptions  and  implications  of  the 
case  (median  case,  mean  case)]  estimators  of  the  parameters) 
distribution  of  the  estimators)  prediction  intervals. 

III.  The  Additive  Model:  general  model)  estimations)  distribution 
of  the  estimators)  prediction  interval. 

IV.  Comparison  of  the  Models. 

V.  Computer  Program:  introduction)  restrictions)  sequence  of 
operations!  input  procedures  (title  card,  order  card,  format 
card,  data  cards,  blank  card,  summary  of  input  cards))  outputs) 
future  studies. 

Appendix  A.  Matrix  Definitions  and  Operations:  matrix)  equality 
of  matricosi  matrix  operations  (addition,  scalar  multiplication, 
matrix  multiplication))  special  matrices  (square  matrix,  identity 
matrix,  transpose  matrix,  symmetric  matrix,  inverse  matrix,  positive 
definite  matrix). 

Appendix  B.  Statistical  Facts  and  Relationships:  measures  of  central 
tendency  (the  expected  value  or  moan  of  X,  median  of  X)i  percentiles 
of  a  continuous  random  variable)  measures  of  variability  (variance, 
covariance,  covariance  matrix))  linear  combinations  of  random 
variables)  distributions  reluted  to  the  normal  (chl-aquure  distri¬ 
bution,  the  t-distrlbutlon) , 

Appendix  C.  Conversion  of  to  Ho* 

Appendix  D.  Absolute  Minimum  and  Positive  Definiteness  of  the  Matrices 
of  Second  Partials;  general  discussion)  specific  caso. 

Appendix  E.  Variance-Covariance  Matrix. 

Appendix  F.  FORTRAN  XV  Symbolic  Program. 

References. 
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New  Decision-Making  Tools  for  Managers 
Burak,  Edward  C.  and  John  F.  Chapman,  Editors 

Cambridge,  Harvard  University  Press,  1963,  413  p. 


A  collection  of  articles  on  a  variety  of  decision-making  toolB  that 
are  still  valid  today,  in  the  areas  of  finance  (chapters  6,7), 
marketing  (chapters  8-11),  product  strategy  (chapters  12-14),  and 
production  (chapters  15-17). 

* 

I.  Operations  Research  for  Management  (Cyril  C.  Hermann  and  John  F. 
Magee). 

II.  Mathematical  Programming:  Better  Information  for  Better  Decision 
Making  (Alexander  Henderson  and  Robert  Schlaifer). 

III.  How  to  Plan  and  Control  with  PERT  (Robert  W.  Miller). 

IV.  Meaningful  Costs  for  Management  Action  (Robert  Beyer). 

V.  Econometrics  for  Management  (Edward  G.  Bennlon). 

VI.  How  to  Evaluate  New  Capital  Investments  (John  G.  McLean). 

VII.  Mathematical  Models  in  Capital  Budgeting  (James  C.  Hetrick). 

VIII.  Simulation:  Tool  for  Better  Distribution  (Harvey  N.  Shycon  and 
Richard  M.  Maffel). 

IX.  Marketing  Costs  and  Mathematical  Programming  (William  J.  Baumol 
and  Charles  H.  Savin). 

X.  Tests  for  Test  Marketing  (Benjamin  Llpsteln). 

XI.  Less  Risk  in  Inventory  Estimates  (Robert  G.  Brown). 

XII.  Prudent  Manager  Forecasting  (Gerald  A.  Busch). 

XIII.  Strategies  for  Dlversif icstion  (H.  Igor  Ansoff). 

XIV.  Selecting  Profitable  Products  ( John  T.  O'Meara,  Jr.). 

XV.  Mathematics  for  Production  Scheduling  (Melvin  Anshen,  Charles  C. 
Holt,  Franco  Modigliani,  John  F.  Muth,  and  Herbert  A.  Simon). 

XVI.  The  Statistically  Designed  Experiment  (Dorian  Shainin)., 

XVII.  Quality  Control  (Theodore  H.  Brown). 

List  of  Contributors. 

Index. 
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Ntw  TovU  for  Planners  and  Programmer* 
Novick,  David 


Santa  Monica,  The  Rand  Corporation,  1961,  21  p 
Rand  No«  P-2222# 
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The  Normative  Interest  Rate 
Berman,  E.B. 

Santa  Monica,  The  Rand  Corporation,  1959,  39  p. 
Rand  No.  P-1796.  AD  663  408. 


"The  normative  Interest  rate  Is  defined  as  the  discount  rate  the 
government  ought  to  use  In  making  Its  investment  decisions.  In  this 
paper,  various  alternative  ways  of  setting  the  level  of  the  normative 
Interest  rate  are  examined  ....  The  appropriate  normative  Interest 
rate  Is  than  determined  as  a  rate  that  is  consistent  with  itself 
through  the  rate  of  growth  of  national  product  and  the  rate  of  decline 
in  the  marginal  utility  of  national  product  that  it  implies." 

Introduction. 

I.  Welfare  Return  and  Investor's  Return:  incremental  taxation)  risk 
premium)  direct  gains. 

II.  Three  Traditional  Devices  for  Setting  the  Level  of  the  Normative 
Interest  Rate:  rate  of  return  on  marginal  private  investment) 
national  time  preference)  long-term  government  bond  rate. 

III.  Should  the  Normative  Interest  Rate  be  Zero? 

IV.  The  Rate  of  Growth  of  National  Product  Implied  by  an  Arbitrarily 
Determined  Interest  Rate. 

V.  The  Normative  Interest  Rate  as  a  Function  of  the  Rate  of  Growth 
of  National  Product. 

VI.  The  Normative  Interest  Rate  and  the  Equilibrium  Rate  of  Growth: 
removing  the  investment  opportunity)  the  accelerator)  the 
endogenous  generation  of  investment  opportunities. 

VII.  Note  on  the  Normative  Interest  Rate  and  the  Level  of  Employment. 
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Notea  on  Parametric  Linear  Programming 
Manne,  Alan  S. 

Santa  Monica,  The  Rand  Corporation,  1953,  7  p. 
Rand  No.  P-468. 

1.  The  General  Linear  Programming  Problem. 

U.  P  (  0  ). 

1X1.  Q  (  9  ). 

IV.  Extension  of  the  Technique. 


On  the  Choice  of  Objectives  in  Systems  Studies 
Hitch,  Charles  J. 
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Santa  Monica,  The  Rand  Corporation,  1960,  13  p. 

Rand  No.  P-1935. 

An  essay  on  the  choice  of  objectives.  There  are  three  difficulties 
in  determining  the  right  objectives! 

(1)  "It  is  impossible  to  define  appropriate  objectives  without 
knowing  a  great  deal  about  the  feasibility  and  cost  of 
achieving  them.  And  this  knowledge  must  be  derived  from  the 
analysis." 

(2)  There  frequently  is  no  national  or  other  high  level  objective 
that  can  be  taken  as  "given". 

(3)  "Objectives  are  multiple  and  conflicting,  and  alternative 
means  of  satisfying  any  one  are  likely  to  produce  substantial 
and  differential  'spillover'  effects  on  others." 

"Learning  about  objectives  is  one  of  the  chief  objects  of  systems 
analysis.  We  must  learn  to  look  at  objsctives  as  critically  and  as 
professionally  as  we  look  at  our  models  and  our  other  inputs.  We  may, 
of  course,  begin  with  tentative  objectives,  but  we  must  expect  to 
modify  them  or  replace  them  as  we  learn  about  the  systems  we  are 
studying  -  and  related  systems.  The  feedback  on  objectives  may  in 
some  cases  be  the  most  important  result  of  our  study." 
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On  the  Constructs n  of  a  Mathematical  Theory  of  the  Identification  of 
Systems 

Bellman ,  Richard 

Santa  Monica,  The  Rand  Corporation,  1966,  13  p. 

Rand  Memorandum  RM-4769-PR.  AD  642  67B. 

Tills  memorandum  discusses  some  of  the  problems  involved  in  the 
formulation  of  a  mathematical  theory  for  system  identification.  By 
system  identification  is  meant  the  task  of  determining  the  structural 
parameters  on  the  basib  of  observations  over  tune  and  position  of  the 

inputs  and  outputs. 

I.  Introduction. 

II.  A  Fundamental  Problem. 

III.  Search  Techniques. 

IV.  QuasilinearlsaLion. 

V.  Use  of  Transform  Techniques. 

Vi.  Basic  Uncertainties  of  On-tine  Identification  and  Control. 

VII.  Decomposition  into  Subsystems. 

VIII.  Pattern  Recognition. 

IX.  Concluding  Remarks. 

References. 
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On  Discounting  and  Risk  in  Military  Investment  Decisions 
Eton ssa  linn*  V.L. 

Washington,  D . C , ,  Tha  Franklin  Institute  (Systems  Evaluation  Group,, 
Center  for  Navel  Analyses),  1966,  12  p. 

BEG  Research  Contribution  No.  10.  AD  641  170. 

A  revised  version  of  an  earlier  paper  entitled  "Discounting,  Bias  and 
Disk  in  Military  Investment  Decisional  A  Theoretical  Discussion." 
Abstract t  ''The  term,  discoursing,  ia  oiten  Applied  indiscriminately  to 
two  distinct  operations.  One  operation,  which  attempts  to  simulate  the 
capital  market's  evaluation  of  an  Investment,  represents  a  conceptual 
exchange  between  current  and  future  income  resulting  in  a  'present 
value'.  Tha  other  refers  to  an  essentially  subjective  revision, 
normally  downward,  of  an  expected  future  benefit  or  cost,  for  any  of 
a  number  of  reasons.  It  is  pointed  out  that  In  the  case  of  a  military 
effectiveness  stream  (a  typical  example  of  a  non-marketabla  benefit 
stream).  It  la  meaningful  to  discount  in  the  first  sense.  On  tha 
other  hend,  whereas  discounting  in  the  second  aanae  could  be  meaning¬ 
fully  applied,  there  is  no  single  rate  which  the  analyst  acting  on 
behalf  of  the  decision-maker  can  apply.  The  practice  of  raising  the 
discount  rate  by  a  premium  to  take  care  of  risk  and  uncertainty  may  be 
appropriate  when  discounting  in  the  second  sense, " 

Abstract. 

The  Two  Senses  of  Discounting. 

"Discounting"  on  Account  of  Risk. 


On  the  Role  of  the  Cost  Analyst  in  a  Weapon  System  Study 
Kermlseh,  J.  J.  and  A.J.  Tenser 

Sente  Monica,  The  Rand  Corporation,  1966,  22  p. 

Rand  No.  P-3360.  AD  636  49?. 

This  study  makes  the  following  two  points i  (1)  that  the  role  of  the 
cost  analyst  le  not  to  appear  after  decisions  are  made  and  provide 
some  kind  of  estimate  which  justifies  tho  decisions,  and  (2)  that 
cost,  analysis  is  not  an  activity  which  is  carried  out  by  itself,  but 
is  an  Important  part  ot  a  larger  analytic  activity  wh.'clt  is  sometimes 
called  systems  analysis,  sometimes  cost-effectiveness  snslysis,  end 
sometimes  coot-utility  analysis. 


On  th«  Theory  of  Dynamic  Programming 
Ballnutn,  Richard 

Santa  Monica,  The  Rand  Corporation,  1952,  48  p. 

Rand  No.  P-300. 

Summary!  "Some  general  problems  are  formulated  and  the  exlatence 
and  uniqueness  of  the  analytic  equivalents  are  proved.  A  discussion 
and  solution  of  a  number  of  simple  examples  are  given." 

I.  Introduction. 

II.  General  Mathematical  Formulation. 

III.  Existence  and  Uniqueness. 

IV.  A  Perticular  Functional  Equation. 

V.  Generalisation*. 

VI.  A  Simple  Testing  Problem. 

VII.  Another  Testing  Problem. 

VIII.  The  Functional  Equation!  f(x)  «  Max[g(y)  +  h(x»y)  +  £(ay  + 
b(x-y»J. 

IX.  The  Equetloni  f(x)  ™  Max[g(x)  4*  £(ax),  h(x)  +  f(bx)J, 

X.  j|  and  |j  both  convex. 

XI.  A  Pawsv-ler  Solution. 

XII.  A  Problem  in  Optimal  Performance. 

Bibliography. 
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Operations  Research  -  Methods  and  Problems 
Saslenl,  Maurice;  Athur  Yaspen;  Lawrence  Friednuin 

New  York,  John  Wiley  &  Sons,  1959,  316  p. 


This  book  deals  with  a  oelectlun  of  the  mathematical  techniques  that 
have  been  found  useful  In  operations  research.  The  approach  is 
mainly  through  the  medium  of  worked  examples,  against  a  background 
furnished  by  some  discussion  of  the  relevant  problem  area. 

I.  Introduction. 

II.  Probability:  simple  events;  composite  and  related  events;  discrete 
distributions;  continuous  distributions. 

HI.  Sampling:  types;  estimates  from  samples;  curve  fitting; 
simulated  sampling. 

IV.  Inventory:  known  demand;  probabilistic  demand;  probabilistic 
demand  with  production  lead  time. 

V.  Replacement:  capital  equipment  that  deteriorates  with  time; 
items  that  fail  completely;  staffing  problems. 

VI.  Waiting  Llnea:  Poisson  arrivals  and  exponential  service  times; 
Poisson  arrivals  an  i  Erlang  service  times;  Monte  Carlo  solutions. 

VII.  Competitive  Strategies. 

VIII.  Allocation:  the  assignment  problem;  the  transportation  problem; 
the  linear  programming  problem;  the  simplex  method;  applications 
of  linear  programming. 

IX.  Sequencing:  processing  each  of  n  Jobs  through  n  machines;  the 
traveling  salesman  problem. 

X.  Dynamic  Programming:  problems  with  a  finite  number  of  consecutive 
decisions;  problems  with  an  indefinite  number  of  consecutive 
decisions. 

Appendix  1.  Finite  Differences. 

Appendix  2.  Differentiation  of  Integrals. 

Appendix  3.  Row  Operations. 

Index. 
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\  s  ,  Operations  Research/Systems  Analysis  Glossary  >  ; 

I  Operations  Research/Systems  Analysis  Executive  Course  ■  i 

Fort  Belvoir,  US  Army  Management  School,  28  p.  ' 

AM-605-N. 1.  v  \ 

'  \  ' 

Short  vocabulary  reference  to  aid  the  student  in  faroiHar'ising  1 

himself  with  the  specialised  vocabulary  of  operations  research  and  | 

systems  analysis.  ■  •  \ 


planning,  Programming,  Budgeting!  a  Systems  Approach  to  Management 
Lyden,  Fremont  and  Ernaat  G.  Miller 

Chicago,  Markham  Publishing  Company,  1967,  443  p. 

The  readings  in  this  book  have  been  assembled  to  provide  the  con¬ 
temporary  public  manager  or  student  of  public  administration  with  , 
information  on  what  the  PPB  approach  to  budgeting  Is,  how  It  has 
developed  to  this  point  in  time,  how  it  relates  to  other  kinds  of 
budgeting  approaches,  how  it  is  related  to  and  underpinned  by  systems 
analysis  generally,  how  it  may  be  applied,  and  what  its  limitations 
and  deficiencies  may  be.  Part  It  PPB  in  perspective  (chapters  l,2)t 
Port  2i  budgeting  and  political  process  (chapters  3,4) j  Part  3: 
approaches  to  planning  and  program  budgeting  (chapters  5-7)  (  Part  4t 
the  PPB  approach  to  budgeting  (chapters  8-12) »  Part  5:  the  isystem  base 
of  PPB  (chapters  13-l6)j  Part  6i  applications  and  critiqus  of  PPB 
(chapters  17-19). 

I.  PPBF  Comes  to  Washington  (Virginia  Held). 

II,  The  Road  to  PPB  -  the  Stages  of  Budget  Reform  (Al^en  Schick). 

1X1.  Budgeting  in  a  Political  Framework  (Jesse  BurkheAd). 

IV.  Public  Attitudes  Towsrd  Fiscal  Programs  (Eva  Mueller). 

V.  The  Planhlng  Process  -  a  Facet  Design  (Yeheskel  Dror). 

VI.  'Toward  a  Theory  of  Budgeting  (Verne  B,  Lewis). 

VII.  Comprehensive  vb.  Incremental  Budgeting  in  the  Department  of 
Agriculture  (Aaron  Wildavsky  and  Arthur  Hammann). 

VIII.  Program  Budgeting  -  Applying  Economic  Analysis  to  Government 
Expidenture  Decisions  (Murray  L.  Weidenbaum) . 

IX.  The  Role  of  Cost-Utility  Analysis  in  Program  Budgeting  (Gene  H. 
Fisher). 

X.  Costs  and  Benefits  from  Different  Viewpoints  (Roland  N.  McKean). 

XI.  Benefit-Cost  Analysis  -  Its  Relevance  to  Public  Investment 
Decisions  (Arthur  Maass). 

XII.  Quality  of  Government  Services  (Werner  Z.  Hirsch). 

XIII.  Systems  Analysis  and  the  Navy  (Alain  C.  Enthoven). 

XIV.  Systems  Analysis  Techniques  for  Planning-Programming-Budgeting 
(E.S.  Quade). 

XV.  Guaranteed  Income  Maintenance  -  a  Public  Welfare  Systems  Model 
(Helen  0.  Nlcol). 

XVI.  Cybernetics  (Magoroh  Maruyama). 

X,VII.  Limitations,  Risks,  and  Problems  (Roland  N.  McKean  and  Melvin 
An  s hen) , 

XVIII.  Planning-Frogramming-Budgeting  Systems  and  Project  PRIME 
(Stavan  Laaarua). 

XIX.  The  Political  Economy  of  Efficiency  -  Cost-Benefit  Anslysis, 
systems  Anslysis,  and  Program  Budgeting  (Aaron  Wildavsky). 
Appendix.  Plannlng-Progrsraming-Budget ing  Bulletin  No.  66-3, 

Supplement  to  Same,  Bulletin  No.  68-2. 
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The  Planning,  Programming,  And  Budgeting  Syetem 

Office  of  the  Assistant  Secretary  of  Defense  (Comptroller) 


Washington,  Department  of  Defense,  1969,  37  p. 
DODI  7045.7 


References. 

I.  Purpose. 

II.  Applicability  and  Scope. 

III.  Definitions. 

IV.  Cancellations. 

V.  Program/ Budget  Review  Schedule. 

VI.  Strategic  Objectives. 

VII.  Fiscal  Guidance. 

VIII.  Program  Objectives. 

IX.  Component  Comments. 

X.  Decision  Implementation. 

XI.  Budget  Estimates. 

XII.  Approved  Program  Changes. 

XIII.  Limitatlona. 

XIV.  FVDP  Handbook. 

XV.  Implementation  and  Effective  Date. 

Encloaure  1.  Preparation  and  Processing  of  Program  Objective 
Memorandum. 

Encloaure  2.  Preparation  and  Processing  of  Program  Change  Request i 
goneraij  processing;  specific  information)  DD  Forms  IS^o,  1370-1, 
1570-2 .  1570-3,  a«d  1370-4. 

Enclosure  3.  Use  and  Preparation  of  Program  Change  Decisions  and 
Prograt.i/Budget  Decisions!  general;  specific  entries;  PBD  formst 
SD  Forms  428,  428-1,  428-lc,  428-3,  428-4,  428-5,  428-6. 


Potentials  of  Economic  Analysis  in  the  Department  of  Defense 
Defense  Economic  Analysis  Council 

Washington,  Office  of  the  Assistant  Secretary  of  Defense  (Comptroller), 
1970,  92  p, 

Proceedings  of  the  DOD  one-day  meeting  on  implementation  of  economic 
analysis,  30  October  1970. 

Foreward. 

Keynote  Address:  Economic  Analysis  in  Today's  Management  Environment 
in  the  Pentagon  (Hon.  Robert  C.  Moot). 

Office  of  the  Assistant  Secretary  of  Defense  Addresses! 

Instigators  of  Analysis  (Edward  E.  Winchester). 

Output  Makes  the  Difference  (COL  Vincent  J.  Klaus). 

Economic  Analysis  for  Food  Service  (Herbert  M.  McCarthy). 

Office  ol  Management  and  Budget  Address:  Development  of  Effective 
Methodology  for  Economic  Analysis  (Dr.  William  Niskanen). 

Army  Address!  Implementation  of  Economic  Analysis  in  the  Department  of 
the  Army  (T.  Arthur  Smith). 

Navy  Address !  Economic  Analysis  -  Whore  do  We  Go  from  Here?  (CPT 
Lloyd  Yeich). 

Air  Force  Address:  Implementation  of  Economic  Analysis  in  the 
Department  of  the  Air  Force  (MAJ  Stephen  J,  Oplta,  Jr.). 

Panel  Discussion:  Implications  of  the  Blue  Ribbon  Defense  Panel 
Recommendation  to  Strengthen  Analytic  Capability  throughout  DOD. 
Appendix  1,  Biographies. 

Appendix  2.  Blue  Ribbon  Defense  Panel  Recommendation  1U-7. 

Appendix  3.  Points  of  Contact  on  Economic  Analysis. 
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PRC  Capabilities  in  Resource  and  Coat  Analysis 
Coat  Analysis  Department,  System  Economic a  Diviaion 

Washington,  Planning  R^aoarch  Corporation,  1966,  99  p# 

PRC  G-127. 

"This  documant  serves  to  introduce  potential  clients  to  the  cost 
analysis  activities  conducted  by  Planning  Research  Corporation.  The 
body  of  the  report  Includes  the  techniques  and  methods  employed  and 
a  discussion  of  the  costing  concepts  and  procedures  applied  to 
problems  of  resource  allocation;  also  a  brief  history  of  PRC  and  a 
description  of  its  areas  of  service,  facilities,  and  management. 

Finally,  experience  gained  during  the  last  decade  related  to  cost 
analysis  is  pressnted  in  the  form  of  briefs. n 

I.  Introduction. 

II.  PRC  Corporate  Background;  general  background!  project  management 
and  approach;  service  areas;  corporats  facilities;  security 
clearance!). 

Ill#  Coating  for  Rssuurcn  Allocation;  general;  coat  synthesis 

(general,  major  considerations,  alternative  coat-synthesising 
approaches);  coat  estimation  (major  considerations,  alternative 
coat  estimating  approaches)!  cost  relevancy  considerations 
(general,  sunk  versus  Incremental  coats,  remaining  values, 
inherited  ssssts,  spillover  costa,  relevant  prices,  joint  costs, 
intangibles) ;  summary. 

IV,  Related  PRC  Experiencet  cost-effectiveness  analysis;  development 
of  coat  effectiveness  methodology!  cosi/tnansgament  control  systems | 
cost  analysis. 

V.  Selected  Personnel  Rusumes. 


A  Preliminary  Cost-Effectiveness  Handbook 
Barfoot,  Charles  B. 

Technical  Operations,  1963,  34  p. 

CORG  Report  CORG-R-180.  AD  446  700. 

Abstract)  «'fhi»  preliminary  handbook  was  developed  for  use  by  Army 
Combat  Development  Command  field  agencies  and  ad  hoc  study  groups  in 
the  preparation  of  cost-effectiveness  studies.  The  handbook  discusses 
the  purpose  of  cosc-effechiveness  Analysis,  general  methods  for 
comparing  al*  rnntive  systems,  and  tbe  major  elements  of  the  analysis. 
Two  examples  of  cost-effectiveness  evaluations  are  presented.  General 
references  and  a  bibliography  of  published  sources  for  cost  data  and 
of  publications  on  systems  and  lorce  structure  costing  are  included." 

Abstract. 

Purpose  and  Scope  of  Handbook. 

Purpose  of  Cost-Effect lveneas  Analyi-ia. 

General  Methods  for  Evaluating  Materiel  Systems. 

Elements  of  the  Analysis;  genera'll  objectives)  alternatives!  costsj 
models)  criteria. 

Sources  for  CoBt  Data. 

Examples  of  Cost-Ef foctiveness  Evaluations. 

Appendix  A.  Examples  of  Cost  Effectiveness  Evaluations. 

Appendix  B.  Reference  and  Bibliography. 

Appendix  C.  Study  Directive. 


150 


Preparation  and  Submission  of  Annual  Budget  Estimates 

Bureau  of  the  Budget 

Washington,  Executive  Office  of  the  President,  1969,  201  p. 

BOB  Circular  A-ll. 

General  Information  and  Policies:  general  requirements;  general 
policies;  format  of  material. 

Information  Required  for  Budget  Examination  Generally:  concepts, 
classifications,  and  sequence  of  material;  summary  statements; 

analysis  and  Justification  of  programs;  justification  of  particular 
requirements. 

Information  Required  for  the  Budget  Appendix:  language  sheets  and 
explanations;  programming  and  financing  schedules;  object  classifi¬ 
cation  and  personnel  summary;  schedules  on  detail  of  permanent 
positions;  narrative  statements  on  program  and  performance;  business 
type  budget  statements;  special  statements. 

Additional  Data  Required  for  Analysis:  supplementary  source  document; 
data  on  Federal  credit  programs;  summary  information  on  construction 
of  Federal  civil  public  works;  data  on  research  and  development; 
data  on  health  programs;  data  on  education  and  related  programs; 
data  on  agency  borrowing  and  investment;  data  on  programs  for 
reduction  of  crime;  data  on  Federal  income  security  programs;  data 
on  Federal  manpower  programs. 

Appendix  A.  Chapter  and  Organisation  Codes. 

Appendix  B.  Character  Classification  Definitions  and  Codes. 

Appendix  C.  Coverage  of  Federal  Credit  Programs. 

Appendix  D.  Receipt  Categories. 

Index. 
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A  Primer  of  Ccst-Effectlveness 
Sutherland,  William  H. 

McLean,  Research  Corporation,  1967,  95  p. 

Technical  Paper  RAC-TP-250.  AD  816  751. 

I.  The  General  Purpose  of  Studies:  why  this  primer?  what  goes  into 
studies)  responsibility  for  decisions  and  responsibility  in 
studies)  measurables  and  unmeasurableB)  comr.ensurablea  and 
lncommensurables. 

II.  The  Five  Essentials  of  a  Cost-Effectiveness  Study:  objectives 

and  effectiveness)  problems  in  devising  measures  of  effectiveness) 
broad  and  narrow  measures)  costs  an  one  of  the  essentials)  models) 
a  model  for  an  artillery  study;  criteria. 

III.  Costing  Procedures:  coats  as  measures  of  resources)  opportunity 
loss;  what  goes  into  the  costs  of  forces  and  equipment)  cost- 
estimating  relational  learning  curves)  sunk  costs)  discounting 
and  amortisation. 

IV.  Analysis  Techniques:  the  place  of  techniques  in  systematic 
quantitative  analysis)  ways  of  showing  cost  effectiveness  of 
alternatives)  more  about  cost-effectiveness  curves)  analysing 
mixes  of  altarnatives;  sensitivity  analysis. 

V.  Summary  and  Concluding  Remarks. 

References. 
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Problems  In  the  Use  of  Discounting 
Covmie,  John 

Washington)  DC,  Office  of  the  Assistant  Secretary  of  Defense  (SA) 
Economics,  1967,  11  p. 

"This  paper  describes  and  briefly  evaluates  some  of  the  objections 
which  have  been  raised  against  the  ubc  of  discounting  in  DOD  cost 
analysis.  Some  objections  may  be  entirely  misconceived,  but  many 
have  a  sort  of  partial  validity!  arguments  from  the  latter  group 
often  serve  the  function  of  delimiting  the  areas  within  which  the 
discounting  procedure  is  properly  applicable.  The  function  of 
'answers'  to  such  objections  is  not  to  rationality  them  away,  but; 
rather  to  specify  clearly  the  restrictions  which  they  impose  upon 
the  use  of  discounting." 

Introduction, 

The  "Borrowing  Kate"  Argument. 

Indefinite  Coat  Streams, 

Juggled  Cost  Streams. 

Unequal  Effectiveness. 

Risk  and  the  Discount  Rate. 

"Future  Generations"  Arguments. 

Uncertainty  about  the  Discount  Rate. 

Relative  Factor  Prices, 

Unemployment  and  Discounting, 

Conclusion. 
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Proceedings  <f  the  First  tom  uni  US  Amy  Materiel  Command  Sy,  terns 
Analysis  Symposium 
Pollard*  Robert 

Washington,  US  Amy  Materiel  Command,  1969,  210  p. 

Technical  Report  69.1.  /W>  -  &  %</ 

Welcome  Remarks  (COL  Leonard  0.  Mitchell), 

A  View  of  System., i  Analysis  (LGEN  William  fl,  Bunker). 

The  Systems  Analysis  Effort  Within  AMC  (William  .1,  TropO. 

Org tni sat  ton  and  Functions  of  the  Army  Materiel  Systems  Analysis 

Agency  (Or,  Joseph  Sperraesa), 

Preliminary  Concepts  for  a  Tactical  Logistic.  Vehicle  Evaluation 
Methodology  (OPT  Hurt  In  Wacha), 

A  Conceptual  Framework  for  Tactical  Logistic.  Vehlc'e  Evaluation 
(A.L.  Smith), 

Informal  Remarks  to  AMC  Systems  Analysis  Symposium  (Hon.  Alain  C, 
Knthoven). 

Cost  Analysis  Technical  Manual  (CATKM)  (LT  Barry  E,  Feldman). 

A  New  Graphic  Probabilistic  Approach  to  PERT  (Dr.  Donald  T.  Barsky). 
TR0M0D  *•  A  Coal  Presentation  Model  (LT  daman  Wormley). 

A  Panel  from  the  Research  Analysis  Corporation. 

Operations  Research  in  AMC.  *  Past  »nd  Future  (Ahraliam  Clelub), 

A  Time  Dependant  Artillery  Evaluation  Model  (Alan  S.  Thomas), 
fiemi gaming  Methodology  lor  Dynamic  Threat  Deacripl Ion  (At end  H.  Held). 
System*  Analysis  Cspahll tries  at  the  US  Army  K1 at Iren l us  Command 
(t)itual  Salvanu), 

fcf fettiutness  Analysis  of  Cimmion  User  Communication  System  iMichael 
A.  Benantl). 

T't)  Organ l sat  Ions l  Acruvture  of  the  US  Amy  Aviation  System#  Command 
Haver  d  M.  Bauer). 


Proceedings  of  the  NHSE  Systems  Performance  Effect ivenese  Conference 

Washington,  US  Navel  Applied  Science  laboratory,  1963,  223  p, 

AD  629  143. 

this  Document  contains  nineteen  papers  presented  at  the  NMSE  .Systems 
Performance  Effectiveness  Conference  held  in  Washington,  DC,  on 
April  2?  and  2 ft ,  1965.  those  papers  summarise  the  status  of  the 
rapidly  expanding  Navywid#  effort  in  systems  effectiveness.  Some  oF 
the  topics  covered  In  these  papers  includes  reliability,  maintain¬ 
ability!  logistics  and  technical  support,  and  subsystem  performance 
of  both  t  he  man  and  t  lie  machine. 

Welcome  (RADM  ti.A.  Curtis). 

Introductory  Remilts  (VADH  l.J,  Oalantln). 

Systems  Effectiveness  in  the  Bureau  of  Naval  Weapons  (RAhrt  E.E.  Fawkes). 
ilWSE  Program  for  System  Effectiveness  (John  W.  Stone). 

System  Performance  Effectiveness  Program  and  Program  for  Advanced 
Concepts  In  Electronic  Design  (Paul  J.  Giordano), 

System  Effectiveness  Analysts'  Illustrative  Example  of  Methodology 
(Sol  Selteur). 

Designing  for  Integrated  Maintainability t  Concepts  and  Approaches 
(John  Sander  eon), 

life  Cycle  end  Implications  (Pantelia  Sguuros). 

Navel  Aviation  Maintenance  and  Material  Management  System  (C|)R  f.W. 
Teal). 

Integrated  Haim  enantie  Management,  Wtl-JO,  Applleu  to  ficuul  bl  1  lt>  lhase 
(J.P.  Witten  and  James  Csnoveee). 

Reliability  and  Maintainability  Tradeoffs  (Sidney  Or  hath), 

Design  Criteria  fur  throwaway  Versus  Itnpeir  MainteitAnre  (A.fi.  Hupp). 
Design  Disclosure  format  Development  (Ralph  bel'aul). 

NicroeUcti  snlce  for  integrated  Shipboard  Ry stems  (Tom  Ntboflie). 
Knhanred  Mainca  .nabtilty  Through  Automatic  i'eiformance  Monitoring  and 
Fault  1  sol  *t  Ion  U'DR  C.W.  Post  lsiliw/t  it  e ) . 

Ituhnit-sl  Ditto  Rase  for  Integrated  Login  it  Huppo.t  (C.L,  Ka.t), 

The  Allowance  List  os  a  function  of  Kystem  Rf  fee  t 1  venae*  (A  S,  Rhodel. 
human  Factors  and  Training  Aspects  of  >UK  (W,L,  Hopkins) 


Proct-pdint*  of  the  eetotul  Symposium  in  Linear  Programming 
Office  of  Scientific  Reoearch 

Washington  Department  of  the  Ait  Perea,  1935,  2  vol,,  685  p, 

Pfatt  1*  applications  (chapter?'  l-12)j  Part  2t  economic  theory 
.chapters  13-18) t  Part  Jt  computation  (chapters  19-26)  i  Part  4i 
theory  of  linear  inequalities  (chapters  27-32)j  Part  5i  developments 
on  linear  progtanwi ng  (chapter  33). 

I.  Military  Applications  ol  Linear  Programming  (Walter  Jacobs), 

II.  Linear  Programming  In  Bid  Evaluations  (Leon  i;«  incut) , 

ill.  Linear  Programming  in  the  Pace  of  Uncertainty  (J.M.  liauskin). 

TV.  1'he  Assembly  i.ltie  Balancing  Problem  (M.P..  Selveson). 

V,  A  Commercial  Use  of  Linear  Programming  (James  H,  Batchelor), 

VJ,.  A  Model  for  Optimising  Production  by  Reference  to  Cost  Surrogates 
(A.  Charnas,  W.W.  Cooper,  B,  Mellon). 

VI 1.  A  Production  Smoothing  Problem  (Ceorge  Hants ig  and  S aimer  Johnson) 
"III.  A  Linear  Programming  and  Structural  Design  (J.  Foulkes). 

IX.  Application  of  Linear  Programming  to  Optica’.  Filter  Design 
(Alex  Orden), 

X.  Programming  under  Conditions  of  Uncertainty  (l>.F,  Votnw,  Jr.). 

XI.  Stochastic  Linear  Programming  with  Applications  to  Agricultural 
Economics  (0.  Tlntner). 

XII.  Dynamic  Programming  and  Multi-Stage  Dec ie Ion  Processes  of 
Stochastic  Type  (Richard  Bellman). 

Xllt,  Linear  Programming  and  Economic  Theory  (Paul  A.  Samuel  son). 

XIV.  On  a  Theorem  of  Wald  (ll.W.  Kuhn). 

XV,  Competitive  Equilibrium  with  Dependent  Consumer  Pref urancus 
(Lionel  W.  McKonsie). 

X"i.  Limitations t icy ,  Llmitat IvenoHs,  and  Economic  Equilibrium 
(Nicholas  Ueorgcscu-RoegBU ) . 

XVII.  An  Activity  Analysis  Approach  to  Location  Theory  (M.  Beckmann 
and  f.  Mersehek). 

XVII 1.  The  Linear  Team  (Roy  Hadnar), 

:t i X ,  Mow  lu  Solve  a  Linos*’  Programming  Emblem  (A.J.  Uulimai.). 

XX-  Prelection  Method*  In  Calculation  (C.  Tompkins). 

XXI.  Retiurl  ion  ol  Systems  of  i, Inear  Relations  (Philip  Welle). 

X.X11.  Optimising  a  Finn  (Ion  of  Addltlvely  Hepm at ed  Variables  Subject 
in  a  Simple  Re.  trillion  (Andrew  Vassunyl). 

XK1II  Same  Result m  in  Nun-Linear  Programming  (R.M.  Thrall), 

XXIV.  A  First  Feasible  Solution  to  the  Linear  Programming  Problem 
(Paul  1.  (lass). 

XXV.  (hmoepte  and  Computing  Procedures  lor  Pertain  X|  j  Programming 
Problems  (Harry  Markowits). 

XXVI.  Lines, '  Programming  Activltiss  in  England  (H.  Vajda). 

XXVI  t ,  Lines*  inequalities  and  Convex  Polyhedral  He*  »  (A.W,  Tucker). 


XXVI 11.  Consistency  Condition#  for  Finite  end  Infinite  Syeteme  of 
Linear  Inequalities  (Ry  Fan). 

XXIX.  the  Probability  of  Solvability  of  Linear  inequalities 
(T.8.  Motekin). 

XXX.  Optimal  Raya  for  Linear  Programs  (A.J.  Goldman). 

XXXI.  Distribution  of  a  Product  by  Several  Properties  (Emil  D.  Schell). 
XXX11.  On  the  Travelling  Salesman's  Problem  (1.  Heller). 

XXX111.  Developments  in  Linear  Programming  (George  B.  Dantaig). 
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fKOCEBy  -  A  Probabilistic  Cent  Estimating  System  Simulator 
Durrwachter,  tlanry  W.;  C,  Richard  Conger;  D.W.  tucsak),  R.D.  Shaadari 
J.M.  Zrno, 

Scianca  Park,  HRB«Slngort  1967,  5B  p. 

Singer  Report  S-160.  AD  813  331 

Abstract:  T h i a  report  presents  one  method  of  evaluating  uncertainties. 

The  coat  analyst  estimates  for  each  significant  system  cost  or  require¬ 
ment  a  high  and  low  value.  In  addition,  he  selects  one  of  nine  Beta 
distributions  which  he  feels  best  describes  the  uncertainties  associated 
with  the  coat  or  requirement,  Each  distribution  and  its  associated 
data  ara  then  inaertad  into  a  total  Ufa  cycle  ayatem  coat  modal  and 
comblnad  through  a  aeries  of  computer  routines  using  a  Monte  Carlo 
sampling  technique,  to  establish  a  single  distribution.  This 
distribution  is  plotted  aa  e  histogram  which  represents  the 
uncertainties  associated  with  probable  total  system  cost.” 

I.  Introduction. 

II.  Technical  Approach!  discussion  of  problem;  problem  solution 
alternetivea. 

III.  Discussion  of  PROCESS)  assumptions;  programming  approach, 

IV.  Program  Usage  and  Case  Studies:  general  program  usage;  case 
studlee  (operating  coate,  life  cycle  system  cost,  equipment  design 
project), 

Appendix  A.  Definition  of  Terms,  Flow  Charts,  and  Program, 

Appendix  B.  Input  Data  Format. 

Appendix  C.  PROCESS  Computer  Program, 


137 


•  • 


Program  Budgeting 
Novick,  David,  Editor 

\ 

Santa  Monica,  The  Rand  Corporation,  1965,  236  p. 


Prefaces  Thia  book  concentrates  on  the  program  aspects  of  the  budget. 
It  avoids  problems  of  fiscal  policy,  revenue,  and  related  Issues. 

Part  1:  government  decision  making  and  the  program  budget  (chapters 
1,2) ;  Part  2:  actual  and  potential  applications  of  the  program 
budget  idea  (chapters  3  8)i  Part  3:  implementation  and  operation 
(chapter  9). 

I.  Conceptual  Framework  for  the  Program  Budget  (Arthur  Smithies). 

II.  The  Role  of  Cost-Utility  AnaLysis  in  Program  Budgeting  (Gene 
H.  Fisher). 

III.  The  Department  of  Defense  (David  Novick). 

Appendix.  Illustrative  Example ! of  Cost-Utility  Considerations 
in  a  Military  Context  (Gene  H.  Fisher).  ; 

IV.  The  Space  Program  (Milton  A.  Margolis  and' Stephen  M.  Barro). 

V.  Transportation  in  the  Program  Budget  (John  R.  Meyer). 

VI.  Education  in  the  Program  Budget  (Werner  Z.  Hirsch). 

VII.  Federal  Health  Expenditures  In  a  Program  Budget  (Marvin  Frnnkel). 

VIII.  Program  Budget  for  Natural  Resources  Activities  (Werner  Z. 
Hirsch) . 

IX.  Problems,  Limitations,  and  Risks  (Roland  N.  McKean  and  Melvin 
Ansheri). 
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Project  Modelling!  A  Technique  for  Estimating  Time-Cost-Performanc a 
Trade-Offs  in  System  Development  Projects 
Zschau,  E.V.W. 

Santa  Monica,  The  Rand  Corporation,  1969,  94  p. 

Rand  Memorandum  P.M-5304-PR.  AD  691  810. 

Summary!  "This  memorandum  outlines  a  preliminary  methodology  for 
estimating  t.lme-cost-perforniance  trade-offs  to  help  with  the  planning 
of  system  development  projects.  In  addition  to  describing  how  the 
models  might  be  constructed,  this  study  discusses  how  the  information 
derived  from  them  could  be  used  in  the  system  planning  process,  and 
focuses  on  some  important  methodological  problems  that  must  be  solved 
in  order  to  make  the  project  modelling  approach  operational." 

Preface. 

Summary . 

I.  Introduction!  the  structure  of  system  development  decisionsi 
four  reasons  why  project  trade-offs  are  difficult  to  measure; 
an  outline  of  the  project  modelling  approach, 

II.  Formulating  Project  Hodelsi  introduction;  the  system  design 
model;  the  project  schedule  model;  gathering  activity  cost 
function  estimates;  synthesising  the  system  model  and  the 
schedule  model. 

III.  Using  Project  Models!  the  project  model  as  a  trade-off 
function;  replanning  projects  using  feedback  information; 
analyzing  and  reducing  the  effect  of  uncertainty  with  project 
modelling;  using  project  modelling  within  the  framework  of 
current  DOD  and  AF  management  practices. 

IV.  Extensions  and  Needed  Research:  developing  efficient  computa¬ 
tional  methods;  developing  extensions  to  the  basic  approach; 
conducting  field  studies. 

References. 


T ho  Quantity  versus  the  Quality  for  the  Data  Used  in  the  Derivation 
of  a  Coat  Estimating  Relationship 
Zunnan ,  Morris 

Arlington,  Institute  for  Defense  Analyaes  (Cost  Analysis  Group), 

1969,  29  p.,  Research  Paper  P-481.  IDA  Log  No.  HQ  69-1070:,. 

AD  699  131. 

Presented  at  the  Joint  National  Meeting  of  the  Operations  Research 
Society  of  America  and  the  American  Astronomical  Society,  IB  vtune 
1969.  Summary:  "One  of  the  most  Important,  time  consuming,  and 
expensive  steps  necessary  in  the  development  of  a  cost  model  Is  the 
collection  and  analysis  of  data  that  will  be  used  to  derive  the 
model's  coat  estimating  relationships.  Tradeoffs  on  how  a  cost  analyst 
might  best  allocate  his  time  between  collecting  the  data  on 
additional  programs  and  analysing  in  further  detail  the  data  already 
in  hin  possession  are  presented.  The  measure  of  the  cost  analyst's 
productivity  is  the  reduction  in  the  confidence  bandwidth  about  the 
cost  estimate.  These  trade-off  curves  indicate  that  the  cost  analyst 
rapidly  runs  into  the  law  of  diminishing  returns  for  effort  expended 
gathering  additional  data  and/or  refining  the  data  in  his  possession 
when  his  productivity  is  measured  as  the  reduction  in  the  confidence 
bandwidth  about  the  coat  estimate.  Curves  and  equations  showing  the 
ratio  of  confidence  bandwidth  for  an  estimate  derived  from  a  data 
base  of  sice  n,  to  the  confidence  bandwidth  fe».  an  estimate  derived 
.from  an  infinite  data  base  are  presented  for  both  the  cases  where 
the  costs  are  assumed  to  have  a  normal  distribution  and  a  lug  normal 
distribution.  The  analyses  presented  are  only  applicable  to 
confidence  statements  that  are  made  about  estimates  for  a  single 
future  occurence  and  not  for  estimates  about  n  population  mean.  It  In 
argued  that  the  uncertainty  about  an  estimate  is  caused  by  essentially 
three  factora,  the  randomness  of  the  actual  cost  distribution,  the 
randomness  of  the  cost  estimator's  distribution,  nnd  the  blau  of  the 
estimator.  For  roost  practical  problems  only  the  estimator's  variance 
can  be  reduced  by  Increasing  the  data  base  else  and  refining  the  data. 
The  coat  randomness  and  estimator  bias  ere  essentially  independent 
of  the  data  base  else  and  degree  of  refinement." 

Foreward. 

Summary. 

A.  Baa'c  Assumptions:  measure  of  productivity  (cost  randomness, 
estimator  bias,  rantlorantaa  of  the  estimator)!  preparation  of  CER*. 

B.  The  "Quantity"  veraus  "Quality"  Trade-Off. 

Appendix.  Confidence  Bandwidths  for  the  Log  Normal  Distribution. 
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Quasilineeriaatien  and  Nonlinear  Boundary-Value  Problem* 

Bellman,  Richard  E.  and  Robert  K,  Kalaba 

,l«nta  Monica,  The  Rand  Corporation,  1965,  208  p, 

Rand  No.  R-438-PR,  AD  47C  684. 

"This  volume  ia  intended  as  an  introduction  to  quasilinearisation, 
aimed  both  at  those  who  are  solely  interested  in  the  analysis,  and 
those  who  are  primarily  busied  with  applications  ....  The 
objectives  of  the  theory  of  quasilinearisation  are  easily  stated. 

First,  we  desire  a  uniiorm  approach  to  the  study  of  the  existence 

and  uniqueness  of  tha  solutions  of  ordinary  and  partial  differential 
equation*  subject  to  initial  and  beundary-value  condition*. 

Furthermore,  wa  want  representation  theorems  for  these  solutions  In 
terms  of  the  solutions  of  linear  aquation*.  Finally,  we  went  a 
uniform  approach  to  the  numerical  solution  of  both  descriptive  end 
variational  problems  which  possesses  various  properties  and  rapidity 
of  convergence .**  Bibliography  follows  each  chapter. 

Introduction, 

I.  The  Klccatl  Equation)  N#wton»Raphaon  methodi  multidimensional 
versiont  squara  rootei  quasiilnearlaationi  Riccati  aquatloni 
first  order  linear  equation)  solution  of  Riccati  aquation)  uppsr 
and  lower  bound* |  successive  approximations!  monotonicity)  a 

a  fundamental  lemma. 

II.  Two-Point  Boundary-Value  Problem  for  Saeond-Drdar  Differential 
Equation*!  inhomogeneous  equation)  vector-matrix  approach) 

Clreen's  functional  convexity*  quasi  linearisation)  existence 
and  boundedness)  convergence)  general  second-order  nonlinear 
differential  aquations)  calculus  of  variations)  solution  of 
inner  problem)  dynamic  programing)  Invariant  imbedding. 

III.  Monotone  Behavior  and  Differential  inequalities!  pealttvlty 
result i  characteristic  vatuaai  variational  approach. 

IV.  System*  of  Differential  Equations,  Bterng*  and  Differential 
Approximation)  quasi  l  iuent  sat  inn  applied  tu  systems i  solution 
of  linear  system,  multipoint  boundary-value  problems)  simul¬ 
taneous  naluulat ion  of  approximation*!  hack  and  iorih  integrations! 
a  r annual  equation. 

V.  Partial  Differential  Equation*!  parabeUe,  elliptic,  llopl  Ua, 

VI.  Appl  lent  Ions  tu  I'hyslu*)  lino  iuearingi  ami  Biology, 

VU.  Dynamic  Programming  and  Qua*  i  1  ineeri  sat  Ion  p  In. We  functional 
.tquatloni  dynamic  programming  end  dl  l ferenUal  approximations. 
Appendix  1.  Minimum  Tima  Program, 

Appendix  2.  Design  and  Control  Program. 

Appendix  T .  Program  fur  Radiative  Transfer  -  Inverse  Problem  for  Two 
Slabs,  Three  Constants, 

Appendix  4.  Van  Dar  Pol  equation  Program. 

Appendix  5,  Orbit  Determination  Program. 

Appendix  6.  Cardiology  Program. 

Index. 
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Readings  in  Command  Management:  Modern  Analytical  Methods 
US  Army  Command  and  General  Staff  College 

Fort  Leavenworth,  USACGSC,  1967,  386  p. 

Reference  Book  RB  20-5,  Volume  II. 

I.  Military  Technology  and  the  Policy  Process  (Tarr). 

II.  Systems  Analysis  (Hayes). 

III.  Systems  Engineering  Barney). 

IV.  Decision  Theory  and  Systems  Analysis  (Enthoven). 

V.  The  Army  and  Cost/Effective  (von  Kann). 

VI.  Cost-Effectiveness:  an  Introduction  and  Overview  (Quade). 

VII.  Cost-Effectiveness  -  Fact  and  Fancy  (Tucker). 

VIII.  Guide  for  Reviewers  of  Studies  Containing  Cost-Effectiveness 
Analysis. 

I/C.  Operations  Research  -  A  New  Science?  (Hoag). 

X.  Operations  Analysis  in  the  Department  of  Defense  (Hitch). 

XI.  Operations  Research  (Hazelwood). 

XII.  Military  Systems  Analysis  (Quade). 

XIII.  Some  Facets  of  Systems  Analysis  (Murray). 

XIV.  Firepower  -  Tool  for  Systems  Analysis?  (Rice  and  Hatch). 

XV.  The  Myth  of  Decision  by  Computer  (Seigle). 

XVI.  "On  Line"  in  "Real  Time"  (Burck). 

XVII.  Illustrated  Problems. 

XVIII.  An  Over-all  View  of  PERT  (Getz). 

XIX.  Project  Management  and  PERT  (AMETA). 

XX.  Program  Evaluation  and  Review  Technique  (PERT)  (ASD,  USAF). 

XXI.  Cormon  Problems  Associated  with  Implementation  of  the  PERT  Cost 
System  (PERT  Coordination  Group,  BuWeps,  Department  of  Navy). 

XXII.  How  to  Plan  and  Control  with  PERT  (Miller). 

XXIII.  PERT  (Armed  Forces  Management,  Jan  1963). 

XXIV.  Panel.  Network  Techniques  (Army  OR  Symposium  196*0. 

XXV.  Practical  Advice  for  the  Use  of  PERT  (Francis). 

XXVI.  The  Critical  Path  Method  and  Military  Planning  (Hatch). 
Appendix  \.  Clossary. 

Appendix  B.  Bibliography. 
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Research  and  Dsvelopmant  -  Program/Budgst  Cotta  -  Definition* 
Office  of  the  Aeaiatant  Secretary  of  Defenae  (Comptroller) 

Washington,  Department  of  Defenae,  1968,  18  p. 

DODt  7220.5. 

References. 

I.  Purpose. 

II.  Applicability  and  Scop*. 

III.  Cancellations. 

IV.  Policy  and  Definitions. 

V.  Uniform  Program/Budget  and  Accounting  Classification  for  RAD 
Resource*. 

VI.  Effective  Date  and  Implementation. 

Enclosure  1.  RAD  and  RDTAE  Program/Budget  Aggregates  Definitions. 
Enclosure  2.  References  (continued). 
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Resource  Analysis  and  Long-Range  Planning 
Novlck,  David 

Santa  Monica,  The  Rand  Corporation,  1963,  22  p. 

Rand  Memorandum  RM-3658-PR.  AD  406  844. 

Summary)  "Program  budgeting,  coat  effectiveness,  and  cost  analysis 
are  terms  used  with  Increasing  frequency  In  our  military  establishment. 
This  memorandum  discusses  each  of  the  terms,  with  emphasis  on  cost 
analysis,  and  shows  how  the  concepts  that  they  represent  are  important 
for  Air  Force  long-range 'planning.  Since  this  memorandum  is  Intended 
primarily  for  persons  who  must  provide  inputs  to,  as  well  as  use 
the  results  of,  cost  analyses,  examples  are  given  of  the  kind  of 
detailed  Information  required." 

Preface. 

Summary. 

Text. 

Bibliography. 
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Resource  Analysis  in  Military  Long -Ranging  Planning 
Novick,  D. 

Santa  Monica,  The  Rand  Corporation,  1964,  13  p. 

Rand  No.  P-2861.  AD  431  524. 

‘•Military  planning  in  the  Department  of  Defense  is  now  administered 
through  the  program  budget  procedure.  This  arrays  the  national 
security  objectives  in  terms  of  major  missions  and  the  major  systems 
for  accomplishing  them.  In  this  process  a  wide  range  of  alternative 
equipments  are  considered  as  well  as  varying  possibilities  for 
deployment  or  operation  of  them.  Each  possibility  is  translated  in 
terms  not  only  of  military  effectiveness  but  also  of  the  cost  of 
obtaining  and  operating  that  capability.  This  paper:  discusses  the 
elements  of  the  new  decision-making  process  introduced  by  Robert 
McNamara  in  1961." 

Program  Budgeting. 

Cost  Effectiveness. 

Cost  Analysis. 

Conclusion. 
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The  Roll  of  Cost  Analysis 
Yates,  Edward  H. 

Santa  Barbara,  Defense  Research  Corporation,  1964,  11  p, 

IMR-1B3.  A1AA  Paper  No.  64-408, 

"A  discussion  of  the  general  procedures  Involved  in  cost  analysis  and 
the  derivation  of  costs  for  Inclusion  In  the  overall  procedure.  Specific 
applications  of  cost  analysis  are  presented,  followed  by  a  discussion 
of  accuracy  and  future  developments  in  cost  analysis." 

Introduct ion. 

General  Procedures. 

Derivation  of  Coats. 

Cost  Tasks  as  Related  to  Prograr.  Bases. 

Applications  of  Coat  Analysis. 

Accuracy  of  Cost  Estimates. 

Future  Developments  in  Cost  Analysis. 

List  of  References. 

Appendix.  Independent  Variablesi  Used  in  Estimating  Various  Cost 
Catagoriea. 

Table  1.  Typical  Cost  Elements  for  Missile  or  Space  Systems. 

Table  2.  Forms  of  Estimating  Equations. 

Table  3.  Examples  of  Estimating  Equations. 

Table  4.  Applications  of  Cust  Estimating  Relationships. 

Figure  1.  Development  of  t.ERa. 

Figure  2.  Progress  Curves  Resulting  from  the  Assumption  of  a  Linear 
Cumulative  Average  Curve  on  Logarithmic  Grids, 

Figure  4.  Cumulative  Total  Costa  of  Alternate  Communication  Systems 
as  a  Function  of  Cumulative  Years. 

Figure  3.  Effectiveness  Versus  Budget  fat  Alternative  Weapon  Systems. 
Figure  6.  Force  Plan  01  -  Total  Coat  Analysis. 

Figure  7.  Illustration  of  Sensitivity  Analysis. 
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The  Role  of  Cost-Utility  Analysis  in  Program  Budgeting 
Fisher,  G.H. 

Santa  Monica,  The  Rand  Corporation,  1964,  19  p. 

Rand  Memorandum  RM-4279-RC,  AD  608  055. 

''This  memorandum  outlines  the  main  characteristics  of  cost-utility 
analysts  and  some  of  the  major  considerations  involved  In  carrying 
out  such  an  analysis. 

Preface. 

Summary. 

Introduction. 

What  la  Cost-Utility  Analysis? 

The  Primary  Purpose  of  Cost-Utility  Analysts. 

Some  of  Che  Major  Considerations  Involved  in  Doing  Cost ’Utility 
Analysis!  proper  structuring  of  the  problem  end  design  of  the 
atiAlyslsi  the  conceptual  framework;  building  the  model;  treatment 
of  uncertainty' |  treatment  of  problem  associated  with  time;  validity 
checking;  qualitative  supplementation;  summary  comments. 

A  Military  Illustrative  Example  general  statement  of  the  problem; 
further  consideration  of  the  problem;  some  consideration*  in  the 
strategic  bombardment  area;  summary  analyses  of  cost  and  utility; 
a  purely  qualitative  analysts;  a  sub-system  illustrative  example, 

A  Non-Military  Kxnmplvi  the  project's  estimated  utility;  east 
considerations!  summary  of  utility  considerations!  ranking  of 
projects. 

Summary  of  the  chapter. 
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the  Simple  Mat hem* t In®  of  Ndximiaatieti 
Kntheven,  Multi  0. 

Santa  Monica,  The  Pand  Corporation,  1959,  TO  p. 

Rand  Ho.  P-IS33. 

"Formulated  If  economic  terms,  a  problem  of  choice  can  often  be 
reduced  to  that,  of  determining  the  maximum  or  minimum  of  a  function 
of  variables  that  are  constrained  to  lie  within  a  limited  region. 

'I  be  (unction  Is  an  Index  of  the  extent  to  which  smut  objective!*  or 
set.  of  ob  )«ct.  I -'es  has  been  achieved.  it  provides  a  ranking  of  all 
possible  combinations  of  the  variables  on  which  It.  depends,  at 
least  in  the  region  of  interest,  the  variables  represent  the  extent 
to  which  various  resources  are  employed  in  the  achievement  of  the 
objective.  Their  values  are  constrained  to  lie  within  a  limited 
region  corresponding  to  the  resources  available  because  the  resources 
are  limited.'' 

I,  Introduction. 

II,  Cstistra  load  HsxU.n 

III,  Kc  on  attain  efficiency. 

'(V .  Generalisations  -  Nonlinear  Programming, 
if.  How  tu  Find  the  Maximum  «  The  Gradient  Method, 

VJ,  Dee  antral  last  Ion  and  Hub ‘Optimisation. 

VI 1,  Maalml tatU*-  against  an  Opponent, 
footnotes. 


Some  Applications  of  the.  Theory  of  Dynamic  Programming  -  A  Review 
Bellman,  Richard 

Santa  Monica,  tha  Rand  Corporation,  1954,  23  p. 

Rand  Ho.  P-490, 

Summary!  ':ihe  purpose  of  this  paper  i«  to  provide  an  eapoaitory 
account  of  the  theory  of  dynamic  progtamning,  To  illustrate  the 
gerera).  principles,  two  particular  problems,  one  of  determiniat in 
hype  and  one  of  stochastic  type,  are  treated. " 

I.  Introduction. 

II.  Optimal  Allocation  -  Classical  formulation. 

III.  Optimal  Allocation  -  functional  Equation  Approach. 

IV.  Computational  Techniques. 

V.  Some  Typical  Raaulta. 

VI.  Cold  Mining. 

VII.  functional  Equation  Approach. 

VI II .  Tha  Solution. 

IX.  Discussion  of  tha  Solution. 

X.  A  General  Description  of  the  Dynamic  Programming  Emblems. 

XI.  Roma  Typical  Problems. 

References. 
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Some  Inter* et  Hate  Aspects  of  Weapon  Bystema  Inveatment  Policy 
Sabin,  B. 

Arlington,  Institute  for  Defense  Analyses  (Weapons  Systems  Evaluation 
Division),  1965,  70  p. 

Research  Paper  P-171. 

t 

"This  paper  presents  a  formal  examination  of  the  theoretical  basis 
for  the  use  of  Interest  rates  in  weapons  systems  evaluations  and  an 
analysis  of  economic  data  that  yield  a  numerical  estimate  of  a 
suggested  rate  of  interest.  The  model  on  which  the  interest  rate 
concept  is  based  uses  techniques  that  economists  have  used  in 
analysis  of  consumer  behavior  and  in  some  monetary  theory.  The 
novel  aspects  of  the  model  are  the  kinds  of  data  used  and  the 
emphasis  placed  on  Department  of  Defense  problems.'' 

Introduction. 

Cone lu slons. 

Definitions. 

Discussion!  ths  place  of  Interest  in  a  simple  optimising  model)  the 
place  of  Interest  in  DOD  planning)  rates  of  return  applicable  to 
DOD  inveatment  decisions. 

Appendix,  Current  Government  Interest  Rates  Outside  the  Department 
of  Defense. 


Some  Curve-Fitting  Fundamentals 
PetruHuhell,  R.L. 

Santa  Monica,  The  Rand  Corporation,  1968,  134  p. 

Rand  Memorandum  RM-5766-SA.  AD  680  613. 

Prepared  for  the  Office  of  the  Assistant  Secretary  of  Defense 
(Systems  Analysis).  Summary!  "Much  of  the  difficulty  coat  analysts 
have  with  curve  fitting  results  from  an  inadequate  grounding  in  the 
analytic  geometry  of  the  empirical  equations  with  which  they  work. 
This  Memorandum  attempts  to  provif'a  a  concise  but  relat  vely  thorough 
discussion  of  this  subject  while  at  the  same  time  demonstrating 
selected  methods  for  doing  mechat  leal  curve  fitting.  The  material  la 
presented  in  three  parts.  Section  1  dlscusres  the  properties  of  the 
straight  line,  the  exponential,  the  power  function,  and  the  parabola. 
Included  in  the  discussion  of  the  exponential  are  the  laws  for 
exponents  and  hence  logarithms.  Emphasis  is  on  providing  insights 
into  the  Impact  of  the  parameter  values  on  the  form  of  the  resultant 
curves.  Graphical  illustrations  are  used  estensively.  Section  II 
presents  different  methods  of  using  these  curves  to  describe  the 
relationship  between  two  variables.  It  discusses  the  method  of 
selected  points,  the  method  of  averages,  and  the  method  of  least 
squares,  making  considerable  uses  of  scatter  diagrams,  it  describes 
a  number  of  measures  of  goodness  of  fit  including  the  standard 
deviation,  the  coefficient  of  variation,  and  an  average  percent 
deviation.  Throughout  this  section,  computational  procedures  are 
carried  out  in  complete  detail.  The  discussion  of  curve  fitting  is 
continued  in  Section  III,  where  cases  with  more  than  two  variables 
are  considered.  By  using  the  method  of  successive  approximations, 
the  initial  discussion  attempts  to  convey  the  idea  of  a  net 
relationship  between  two  variables,  eliminating  influence  of  any 
others,  and  thus  to  clarify  the  meaning  of  the  coefficient  in  the 
multivariate  linear  equation.  The  method  of  'east  squares  is  shown 
to  produce  the  same  results  os  did  the  method  of  successive 
approximations  and  with  significantly  less  computational  effort. 

The  discussion  turns  next  to  the  nonlinear  case.  Each  of  the 
functional  forms  described  earlier  -  the  exponential,  the  power 
function,  and  the  parabola  -  is  used  to  describe  a  nonlinear 
relationship  between  three  variables.  Although  the  method  of 
successive  approximations  may  be  used  for  fitting  curves  to  nonlinear 
relationships,  only  the  method  of  leust  squares  is  described.  The 
decision  to  discuss  the  analytics  and  the  curve-fitting  methods  In 
separate  sections  of  the  Memorandum  was  purely  arbitrary.  For  many 
purposes,  the  user  ot  this  material  will  want  to  combine  his  readings 
in  the  first  section  with  his  readings  in  subsequent  sections.  The 
parallel  naturo  of  the  presentations  In  each  section  was  designed  to 
facilitate  this." 
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Proface. 

Sutnuary. 

I.  Curve  Fitting  and  Empirical  Equatlonai  introduction)  some  basic 
analytic  geometry  (straight  line,  parabola,  exponential,  power 
function). 

II.  Fitting  Curves  to  Two-Variable  Relationships!  straight  line 
(selected  points,  averages,  least  squares))  parabola  (form  l, 
form  2)t  exponential)  power  function. 

III.  Three-Variable  Curve  Fitting!  linear  case)  nonlinear  case. 
Appendix  A.  Derivation  of  the  Normal  Equations  for  a  Lea at-Squarea 

Fit  of  a  Straight  Line,  a  laraboia.  and  a  Three-Variable  Linear 
F.quat  ion. 

Appendix  B.  Derivation  of  the  Formula  for  Calculating  the  Constant. 
Bibliography. 
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Standard  Rates  for  Coating  Military  Personnel  Services 

Office  of  the  Assistant  Secretary  of  Defense  (Comptroller) 

Washington,  Department  of  Defense,  1970,  7  p. 

DODI  7220.23. 

This  instruction  prescribes  the  standard  rates  to  be  used  in  computing 

costs  of  military  personnel  services  as  an  element  of  operating 

expenses. 

I.  Purpose. 

II.  Cancellation. 

III.  Applicability. 

IV.  Standard  Rates. 

V.  Elements  of  the  Standard  Rates!  basic  payi  basic  allowance  for 
quarters t  miscellaneous  expense}  incentive  ar.H  •«*cial  pay 
(aircrew  and  submarine  pay,  other  hasardouo  duty,  physicians  and 
dentists,  rea  and  duty  at  certain  locations,  proficiency  pay, 
hostile  fire  pay)}  retirement  entitlement  accrual. 

VI.  Effective  Date  and  Implementation. 

Enclosure  1.  Elements  of  the  Annual  Standard  Rates  -  FY  1971. 


Statistical  Cost  Estimating  Relationships  -  Some  Basic  IssueB 
(Aircraft  Examples) 

Hetry,  Harry  P. 

Washington,  Office  of  the  Assistant  Secretary  of  Defense  (Systems 
Analysis),  1966,  p. 

TP  66-3.  AD  659  321. 

This  paper  discusses  some  of  the  basic  issues  of  statistical  cost 
estimating  relationships  and  describes  Iniefly  some  of  the  recent 
studies  which  have  attempted  to  develop  such  CERs  on  aircraft  programs 

I.  Purpose. 

II.  The  Major  Characteristics  of  Statistical  CER  Techniques. 

III.  The  Cost  Estimating  Task  Addressed  Here. 

IV.  Why  CERe? 

V.  Major  Problems  in  the  Development  of  Statistical  CERs. 

VI.  Specific  OSD  Aircraft  Studies. 

VII.  Summary  of  Advantages  and  Disadvantages  of  Statistical  CERe, 
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Statistical  Inference 
Walker,  Helen  M.  and  Joseph  Lev 

New  York,  Holt,  Rinehart  and  Winston,  1953,  510  p. 


I.  Inferences  Baaed  on  Simple  Experiments. 

II.  Probability  Distributions. 

III.  Inferences  Concerning  Proportions. 

IV.  Chi-Square. 

V.  Populations  and  Samples  on  a  Continuous  Variable, 

VI.  Sampling  Distributions. 

VII.  Inferences  Concerning  the  Mean  or  the  Difference  Between  Two 
Means. 

VIII.  inferences  Concerning  Variances  and  Standard  Deviations  of 
Normal  Populations. 

IX.  Analysis  of  Variance. 

X.  Linear  Regression  and  Correlation. 

XI.  Other  Measures  of  Relationship. 

XII.  The  Statistics  of  Measurement, 

XIII.  Multiple  Regression  and  Correlation, 

XIV.  Analysis  of  Variance  with  Two  or  More  Variables  of  Classification. 

XV.  Analysis  of  Covariance. 

XVI.  Percentiles. 

XVII.  Transformation  of  Scales. 

XVIII.  Non-Parametric  Methods. 

Appendix.  Tables  and  Charts. 

Glossary  and  Symbols. 

Answers  to  Problems. 

Index  to  Subject  Matter. 

Index  of  Authors. 
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Statistical  Manual i  Methods  of  Making  Experimental  Inferences 
Churchman,  C.W. 

Philadelphia,  Pitman-Dunn  Laboratory,  1951,  2 Id  p. 


"This  manual  attempts  to  emphasise  clarity  in  the  method  of  applying 
statistical  tests,  together  with  the  logic  of  their  application.  The 
manual  minimises  to  the  greatest  possible  extent  the  mathematical  and 
technical  foundations  of  the  methods;  it  presents  only  those  terms 
that  are  presumably  essential  in  understanding  the  logic  of  statistical 
methods  and  the  steps  in  their  application." 

Introduction. 

Glossary. 

I.  Some  Standard  Procedures i  test  of  a  mean,  variance  known;  test 
of  a  mean,  variance  unknowni  test  equality  of  two  meant;,  variance 
known;  test  equality  of  two  means,  variance  unknowni  test  of  equality 
of  means  of  paired  differences;  test  of  equality  of  a  set  of  means, 
variance  Unowni  test  of  equality  of  a  Bet  of  means,  variance 
unknown;  test  of  a  rimple  variance;  test  of  equality  of  two 
variances!  test  of  equality  of  a  set  of  variances;  test  of  equality 
of  two  probabilities;  factorially  designed  experiments;  test  of 
equa1 ity  of  a  set  of  means  and  variances;  test  of  correlation; 

testa  of  normality;  test  for  erratic  observations;  test  for 
independence  of  observations;  test  for  proportion  of  a  universe 
in  the  tall. 

II.  Estimation!  common  point  estimates;  confidence*  intervals; 
estimate  cf  a), ope  and  intercept,  both  variables  subject  to  error; 
estimate  of  mean  and  variance  for  sensitivity  data, 

III.  Sequential  Analysis;  test  of  a  probability;  test  of  equality 
of  two  probabilities;  teet  of  a  mean,  variance  known;  test  of  a 
variance, 

IV.  Simplified  Procedures,  statistical  sign  test;  ranking  tents  for 
differences!  test  of  runs  of  some  property  of  the  observational 
test  of  differences  among  a  set  of  universes. 

Tables  and  figures. 


Statistical  Methods  for  Decision  Making 
Chance,  William  A. 

Homewood,  Richard  D.  Irwin,  1969,  442  p. 


This  book  is  intended  to  serve  as  an  introduction  to  the  wide  range 
of  statistical  mechods  which  are  available  to  the  modern  decision 
maker*  This  range  includes  the  traditional  statistical  methods 
which  have  Berved  so  well  for  many  years,  as  well  as  techniques  of 
Bayesian  analysis  which  have  regained  major  impetus  in  the  last  decade. 
Attention  is  also  given  to  the  category  of  statistical  inference 
commonly  designated  as  'nonparametric  statistics.' 

I.  Probability  and  Uncertainty;  uncertainty  and  riek|  probability 
and  uncertaintyt  basic  properties  of  uncertainty}  experiment, 
sample  space,  eventai  rules  for  calculating  probabilities} 
conditional  probability)  rulna  for  counting)  comparison  of  the 
binomial  and  the  hypergeometric  distribution,  probability  and 
experience. 

II.  Teats  of  Hypotheses,  Part  li  flow  diagram)  the  Wllcoxon  teat) 
role  of  Information)  the  null  hypotehsie  and  its  alternatives! 
logarithms. 

1X1.  Random  Variables  and  Probability  Distributional  expected  valueei 
mean  and  variance)  standard  deviation)  Tchebychef f »#  inequality) 
graphs  of  discrete  probability  distributional  the  median  and  the 
modal  cumulative  probability  distributional  skewness  and  kurtoali. 

IV.  The  Binomial  Distribution  and  the  Normal  Distribution!  charac¬ 
teristics)  tableoi  appropriateness)  the  Bernoulli  model)  ' 
approximating  hypergeomatric  probabilities  with  binomial 
probabilities!  large  samples)  the  standardised  normal  distribu¬ 
tion. 

V.  Samples,  Frequency  Distribution*,  end  Sampling  Distributions! 
populations  and  samplesi  purpose  ot  randomnsssi  sample 
statistical  finite  end  infinite  population!. 

VI.  Tests  of  Hypotheses,  Part  2i  decision  arrorsi  students'  t* 
distribution)  types  of  tests. 

VII.  Estimation  Procedures!  regression  end  correlation  analyalsi 
terminology  and  notation)  the  modal)  the  scatter  diagram)  the 
regraaelon  equation!  the  problem  of  prediction!  the  coefficient 
of  determination!  a  teat  for  tha  significance  of  the  relation- 
ahip. 

VIII.  Fitting  a  Probability  Distribution  to  a  Set  of  Data. 

IX.  Simulation,  Monte  Carlo  Mathoda. 

X.  Soma  Elements  of  Statistical  Decision  Theory!  determination  of 
the  costa  associated  with  the  state  of  the  proceesi  determination 
of  the  conditional  costa  resulting  from  the  taatlng  procedural 
procedure  frr  minimising  expected  costi  Bayes'  theoremi  the  role 
of  sample  information. 


Appendix.  Statistical  Analysis  end  the  Computer 
Tables)  selected  values  of  Wilcoxon's  distribution'  binomial 
distributions)  press  under  the  normal  curvet  random  digits) 
critical  values  of  student's  t  for  specified  degrees  of  freedom) 
critical  values  of  xa  for  specified  degrees  of  freedom)  four- 
place  logarithms)  logarithms  of  factorials, 

Index. 


Statistical  Theory 
Llndgren,  B.W. 

New  York*  MacMillan  Company,  1962,  42?  p. 


This  book  expounds  clearly  and  objectively  some  modern  statistical 
theory,  together  with  the  elements  of  the  more  classical  theory  of 
statistics,  in  a  mathematical  setting  that  can  be  completed  and 
amplified  at  a  later  stage. 

I.  Probability  Modelsi  'model  spacesi  probability  spaces)  dependence 
and  independence. 

II.  Univariate  Diatributionn  distribution  of  probability  in  the 
apace  of  values)  expectation)  moments  and  generating  functions) 
some  useful  discrete  models)  continuous  casts., 

III.  Sevstal  Random  Variablesi  vibariate  distributions)  multi¬ 
variate  distributions 

IV.  Sums  of  Random  Variablesi  distribution  of  a  sunt)  distribution 
of  a  sum  of  independent  variables)  limit  theorems. 

V.  Statistical  Problems  and  Proceduresi  utility,  Ions  and  regroti 
the  no-data  decision  problem)  sampling)  using  data  in  decisions) 
sufficient  statistical  some  properties  of  procedures  nonotons 
problems  and  procedures!  cample  site  and  cos.'.  ol‘  sampling. 

VI.  Estimation!  some  properties  of  estimators!  determination  of 
estimators, 

VII.  Testing  Hypotheses:  simple  H0  and  H^t  composite  hypotheses! 
sequential  testa. 

VIII.  Some  Distribution  Theoryt  order  statistics  aid  related 
distribution. i  distributions  related  to  normal  populations. 

IX.  Some  One-'lampling  Froblemsi  goodness  of  fiti  some  special  one- 
parameter  model#,  normal  populations!  a  la  eg#- samp's  test  for 
the  maan.|  location  us  measured  by  the  medlani  randoimeas. 

X.  Compariaonsi  based  on  sample  distribution  functions!  large 
eamplu  comparison  of  means)  be-noulli  populations!  normal 
popu) at ionni  non pa ram* trie  comparison  ol  hveetions. 

Xi.  Linear  Models  and  analysis  of  variances  regression!  auilysls  of 
varianesi  a  general  linear  mode). 

References. 

Appendix  •  Tables. 

Answers  to  Problem*. 

Index. 
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BtatUfeiea  in  Goat  Prediction  Problama  and  Potential 
Plccartello,  Harry 

Waahington,  Office  of  the  Assistant  Secretary  of  Defense  (Syatema 
Analyst#),  1966,  10  p. 

TP  66-S,  AD  659  322. 

"A  discussion  of:  the  application  cf  statiatical  techniques  for 
determining  cost  estimates  (predictors) ,  in  particular!  a)  why  the 
uue  of  statistics,  b)  problems  Associated  with  their  uee,  e'ui  c)  some 
possible  approaches  which  avoid  the  problems  or  ;nay  lead  to  a  solution 

of  theaa  problems. « 

Introduction. 

Why  the  Uae  of  Statistic#. 

Problems!  normal  ragreaaion  analysisi  separata  asliauehion  of 
components  parts. 

Other  Approaches!  historical  simulation)  direct  estimation  of  total 
coat*)  selection  of  functional  forma. 

Summing  Up. 
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Structuring  Coet  Effectiveness  Analyses 
Abert,  James  G. 


Logistics  Review  and  Military  Logistics  Journal,  Vol.  11,  No.  7, 
1966,  pp.  19-34. 


"The  objective  of  this  paper  is  to  set  forth  in  relatively  simple 
terms  an  analytical  framework  for  structuring  cost-effectiveness 
studies  and  to  point,  out  some  of  the  pitfalls  involved  in  framing 
those  studies.  The  main  emphasis  is  on  the  problem  associated  with 
tine  phasing  in  the  design  of  cost-effectiveness  studies  and  the 
evaluation  of  what  are  called,  in  the  paper,  time-phased  cost  and 
sf f ectiveness  profiles." 

I.  Introduction. 

II.  Types  of  Cast  Effectiveness  Analysis!  equal  cost!  equal 
effectiveness!  unequal  cost/effectiveness. 

III.  Evaluating  the  Economic  Effects  of  Time-Phased  Costs. 

IV.  Discounting  as  a  Msans  of  Evaluating  Alternative  Resource 
Allocations, 

Appendix.  Thu  Use  of  Discounting  in  Computing  Program  Costs! 

Calculating  the  Resource  Impact  of  Investment  Expenditures!  Calcu¬ 
lating  the  Impact  of  Operating  Coils. 


lite. 


"A  Suggested  Truatment  of  Tlma-Dlatrlbutad  Expandlturaa  In  Dafanaa 
Systems  Analysis" 

Niakanan,  M.A. 

Arlington,  Inatltuta  for  Dafania  Analyaaa  (Economic  and  Political 
Studies  Division),  17  October  1966,  17  p, 

Intarnal  Note  N-39t(R).  Log  No.  IDA/ HQ  66-5423. 

A  papar  praaentad  at  tha  30th  national  maating  of  the  Operations 
Research  Society  of  America  at  Durham,  North  Carolina,  on  17 
Octobar  1966. 

This  papar  arguai  "that  tha  maximisation  conditions  for  either  tha 
government  or  tha  economy  suggest  the  use  of  a  consistent  set  of 
rules  for  the  aggregation  of  coats  for  all  systems  analyses.  These 
rulaa  apply  to  tha  three  primary  problems  of  aggregating  systems 
costs i  (a)  selection  of  the  planning  period,  (b)  estimation  of  the 
value  of  resources  at  tha  beginning  and  end  of  tha  planning  period, 
and  («)  selection  of  the  rata  of  interest  for  present  value 
computations.  In  several  casts,  s  roughly  accurate  rule-of-thumb 
la  suggested  as  a  substitute  for  tha  conceptually  praciae  rule. 

Special  attention  is  focused  on  the  rationale  for  tha  uaa  of 
interest  In  systems  snslysss  and  on  tha  selection  of  tha  appropriate 
rata." 

Introduction. 

Presentation  of  tha  Basic  Cost  Estimates)  fixedj  investment!  operating 
Selecting  the  Planning  Period. 

Estimating  the  Residual  Values. 

Selecting  the  Interest  Rate. 


A  Survey  of  Army  Automated  Cost  Models 
Curd,  Paul  and  Ogden  Allsbtcok,  Comp i lei b 

Washington,  Department  of  the  Army,  1968,  178  p. 

AD  829  321. 

This  survey  la  designed  to  catalog  and  describe  all  cost  models  which 
are  either  operational  or  under  development  for  the  banel it  of  personnel 
in  cost  research  and  cost  analysis. 

Abstracts i 

Resource  and  Capabilities  Model  (RECAP). 

Modular  Force  Planning  System  (MFPS). 

Cost  factoring  System  for  Force  Readiness  Projection. 

Selected  Analysis  of  Intratheater  Transportation  Systems. 

Revaluation  of  the  Army  Tactical  Vehicle  Program  (REVAL  -  Wheels). 
Individual  System/Or^aniaatlon  Cost  Model  (ISOC). 

The  Army  Division  Cost  Model. 

Army  Depot  Materiel  Maintenance  and  Support  Activities  Cost  Model. 
Combat  Vehicle  Production  Cost  Model. 

Forewon  Cost  Model. 

Army  Aviation  Cost  Model. 

Production  Costs  US  Army  Weapon  Systems. 

Army  Air  Defense  Weapon  System  Cost  Model. 

Army  Aircraft  Flying  Hour  Cost  Model  (AAFCOM). 

The  MICOM  Cost  Model. 

Penetration  Aids  Cost  Effectiveness  Model. 

Army  Aircraft  Coat  Model. 

Tank,  Anti-Tank,  and  Assault  Weapons  Study  (TATAWS  -  Phase  II, 

Part  1). 

An  Automated  Cost  Methodology  and  Data  for  the  Small  Arms  Weapons 
System  (SAWS)  Study. 

Main  Battle  Tank  70  (MDT-70)  Secondary  Armament  Study. 

Analytical  Estimation  of  System  Cost  Uncertainty. 

A  Model  for  the  Determination  of  Intra-Theater  Logistic  Support 
Fdndlng. 

Cost  Models  for  AAFSS,  Phase  II. 

Army  Division  Cost  Model/TATAWS  Modification. 

A  Basic  Cost  Model  for  Airutunition. 

The  Role  of  Cost  Effectiveness  in  the  Preliminary  Design  of  Vertical 
Lift  Military  Aircraft. 

Cost  Effectiveness  Study  of  Heavy  Lift  Aerial  Vehicles. 

Model  Descriptions: 

Army  Depot  Materiel  Maintenance  and  Support  Activities  Cost  Model. 

The  Army  Division  Cost  Model. 

Combat  Vehicle  Production  Cost  Model. 

Analytical  Estimation  of  System  Cost  Uncertainty. 

Selected  Analysis  of  Intratheater  Transportation  Systems. 

Army  Aircraft  Cost  Model. 
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Survey 'of  Use  by  Federal  Agencies  of  the  Discount  ing  Technique  in 
Evaluating  Future  Programs  ' 

The  Comptroller  General  of  the  United  States 

Report  to  the  Joint  Economic  Committee,  Congress  of  the  United 
States^  28  January  1968,  32  p. 

"The  General  Accounting  Office  has  made  a  survey  of  the  use  by  23 
selected  Federal  Agencies  of  the  technique  of  discounting  in  making 
evaluations  of  future  programs.  The  natur^  of  the.  discounting 
technique  is  described  in  Uhe  background  section  of  this  report,. 

The  survey  was  made  pursuant  to  the  Budget  and  Accounting  Act,  1921 
(31  U.S.C.i  53),  and  the  Accounting  and  Auditing  Act  of  1950  (31  U.S.C. 
67).  The  survey  was  performed  in  Washington,  DC,  and  was  completed 
in  December  1967  ....  The  survey  was  directed  primarily  toward 
determining  the  extent  to  which  the  discounting  technique  is  presently 
employed  by  Federal  agencies  and  th<  extent  to  which  those  agencies 
not  employing  this  technique  plan  to  do  so  and  toward  identifying  the 
discount  rates  currently  in  use  by  the  agencies.  We  did  not  evaluate 
the  appropriateness  of  the  agencies’  stated  policies  and  practices  as 
they  were  revealed  to  us,  neither  did  we  examine  into  the  actual 
discounting  techniques  and  practices  followed  by  the  agencies  or  into 
other  policies  and  practices  used  by  them  when  evaluating  Federal 
programs." 

Letter  to  the  Committee  from  the  Comptroller  General. 

Introduction. 

!  Back  ground:  explicit  and  implicit  discount  rates:  effect  of  changes 
in  discount  rates  on  benefit-cost  rdtios)  determination  of  discount 
rate.  ■ 

Results  of  Survey:  summary  of  agency  practices:  divergent  agency  , 
views:  significance  of  differing  practices. 

Appendix  I.  Discount  Rates  used  by  Federal  Agencies  in  the  Analysis 
of  Individual  Programs  In  Fiscal  Year  1969. 

Appendix  II.  Federal  Agencies  Not  Using  Discounting  in  the  Analysis 
of  Individual  Programs  in  Fiscal  Year  1969. 

Appendix  III.  Illustration  of  Calculation  of  Total  Cost  to  the 
Government  of  Borrowed  Funds. 

Appendix  IV»  Illustrative  Copy  of  a  Request  for  Information  O-v'cming 
Discounting  sent  to  Selected  Agencies. 

Appendix  V,  Letter  Dated  19  December  1967,  to  the  Comptroller  General 
of  the  United  States  from  the  Chairman  of  the  Joint  Economic  Committee. 
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System  and  Goat  Effectiveness  Manual  for  System  Developers 
Chop,  Allen 

Sunnyvale,  Lockheed  Miaailea  and  Space  Company,  1970,  269  p, 
RADC-TR-69-358.  AD  867  397. 


Abstract!  "The  manual  defines  and  describes  the  system  and  cost 
effectiveness  management  implementation  process  which  will  provide 
both  Air  Force  and  Contractor  management  with  the  necess.'ny  mission 
responsive  criteria,  authoritative  perspective,  and  visibility  for 
critical  system  development  decisions.  Technical  activities, 
procedures,  guidelines,  and  objectives  for  the  efficient  and  meaning" 
ful  formulation  of  effectiveness  criteria,  and  for  the  evaluation 
and  assurance  of  effectiveness,  are  detailed  on  a  step-by-step 
and  time-phased,  action  basis  for  each  of  the  systems  management 
phases  of  concept  formulation,  contract  definition,  and  acquisition. 
Further,  the  integration  of  the  effectiveness  Implementation  procedures 
with  the  system  program  management  procedures  and  systems  engineering 
management  procedures  is  outlined  for  each  major  effectiveness 
activity  and  polarised  with  information  flow  networks."  Air  Force 
oriented.  >, 

I.  Introduction!  general!  purpose  of  manuali  use  of  msnuali 
abbreviation  and  definition  of  terms  uoed. 

II.  Implementation  Overview  of  the  Lystim  end  Coat  Effectiveness 
Technology)  general)  integrated  system  and  cost;  effectiveness 
end  syetems  management  networks)  system  and  cost  effectiveness 
measures. 

III.  System  and  Cost-Effectiveness  Implementation  for  Concept 
Formulation  Phase)  general)  mission  analysis)  specifying 
preliminary  figures  of  merit |  performance  requirements  analysis) 
operational  requirements  analysis)  ef fectivanass  parameter 
selection)  model  structuring)  system  end  cost  effectiveness 
analysis)  report. 

IV.  System  end  Cost  Ef f setiveneaa  Implementation  for  Contract 
Definition  Phesei  general)  effectiveness  analysln  refinement) 
apportionment  am.lyela)  effectiveness  progress  monitoring  and 
demonstration  planning)  report. 

V.  System  and  Coat  Effectiveness  Implementation  for  Acquisition 
Phase)  general)  detail  affectiveness  analysis)  affectiveness 
progress  monitoring  demonstration!  final  report. 

VI.  System  and  Cost  Effectiveness  Technical  Management!  general) 

Air  Force  management)  contractor  management. 

VII.  Application  Guidelines  lor  Spticific  Major  Classes  of  Air  Force 
Systems. 

Appendix  A.  Example  of  Implementation  Procedures. 

Appendix  B.  Synthesis  and  Analysis  Methods  for  Determining  Transter 
Functions,  Outputs,  and  inputs. 

Appendix  C.  Combination  of  Sensitivity  Functions. 

Appendix  D.  Apportionment  Procedures. 
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3y»tem  and  Total  Force  Coat  Analysis 
Novick,  David 

Santa  Monica,  The  Hand  Corporation,  1961,  141  p. 
Rand  Memorandum  RM-2693-PR. 


Surmnaryi  '’This  memorandum  describes  the  aims,  concepts,  and  methods 
o£  military  cost  analysis  as  developed  by  the  Cost  Analypt-  Department 
of  the  Rand  Corporation.  It  ia  concerned  basically  with  the  estimation 
of  costa  for  proposed  military  activities  so  that  informed  choices  can 
be  made  among  them.” 

I.  Alms  and  Concepts  of  Analysis. 

II.  Cost  Analysis  of  Individual  Systems t  investment  coats  (installa¬ 
tions,  equipment,  stocks,  initial  training,  miscellaneous  invest¬ 
ment)!  operation  costs  (equipment  and  installations  replacement! 
maintenance!  training!  pay  and  allowance!.!  fuels,  lubricants, 
and  propellants)  services  and  miscellaneous!  intermediate  and 
support  major  command  operations)!  RAI)  touts  (system  development, 
system  teHt  and  evaluation,  other  system  R&D  coats). 

I'M.  Coat  Auulyslu  of  Total  Force  Structures?  force  coropo  s  i  1 1  or.  and 

a  icuvnptionai  incremental  costing  and  long-term  programming!  coats 
«h  expenditures  and  as  program  requirements v  mission  and  other 
Vowei -level  cost  analyses!  aansltivity,  timeliness,  and  clarity i 
cost  categories  reconsidered  (investments,  operations,  ItAli)  i 
electronic  data  processing!  summary. 

IV.  Cost:  Sensitivity  Analysis!  eximpiest  usea  and  advantages. 

V.  Presentation  of  Results. 

Appendix.  Analysis  of  Manpower  Requirements. 

Bibliography, 
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A  Syattm  for  Development  of  Mathematical  Models 
Hendrick*,  J, W, 

8*n  Francisco,  US  Haval  Radiological  Defen**  Laboratory,  1464,  33  p» 
USNfcDL-TR-749,  AD  602  733. 

Abstract)  “This  paper  present*  *  general  quantitative  system  for 
association  ot  theory  and  observation.  The  syatem.  In  formulation 
and  presentation,  Is  directed  toward  the  nseds  of  the  user  investigator. 
It  is  well  organised  for  use  with  automatic  machines  In  the  computing 
and  Information  processing.  A  multivariate  dlacributlon  approach  to 
modal  construction  la  Used  In  accounting  for  errors  and  othar  sourest) 
of  variation.  A*  usual,  hypothesised  mathematical  descriptions  are 
modified  in  accordance  with  the  observational  data.  The  requirement 
of  u  state  of  control  le  regarded  us  fundamental.  The  question  of 
unldentlffabillty  is  given  prominent  consideration)  and  in  this 
connection,  the  general  necessity  of  calibration  is  established  and 
emphasised.  The  principle  of  maximum  likelihood  la  suggested  aa  the 
most  acceptable  ranking  criterion  for  the  systemi  but  modlficationa 
or  decision-theoretic  extensions  are  rot  precluded.  In  short,  the 
ordinary  restrictive  condition*  ar*  not  imposed  in  this  system. 

The  fundamental  Idea*  *re  dlscutaed  within  the  contextual  framework 
of  the  system.  The  generil  principle*  for  applying  ths  system  are 
presented  and  discussed,  The  most  Important  classes  of  modal*  ate 
dealt  with  tro, thematically  in  detail. " 

Abstracts, 

Descriptors. 

Summary, 

Introduction. 

The  Sasic  Principle  of  the  Syatem. 

Association  of  Theory  and  Observation. 

Designation  of  the  Phenomenon  Described  by  the  Model. 

Distribution*  Key  Result  from  either  Random  or  Systematic  Selection. 
Mathematical  Theory  and  Discussion)  initial  hypothssesi  the  error 
transformation)  surface  density  functional  concordant  hypothssesi 
nvullable  techniques)  purposeful  distribution*. 

Modal  Types)  simple  measurement  with  error)  all  object  variables 
distributed)  structural  relationships)  regression  on  observable 
variables)  discrete  distribution)  constrained  distributions! 
variform  or  discontinuous  models)  othar  type  model*. 

Problems  in  Computation. 

Uni duntif lability. 

Interpretation  of  Results)  surface  of  vnldentlflabl 11  c y )  calibration) 
considerations  in  ranking  models i  stats  of  control. 

Concluding  Remarks. 

Ref »ni  once*. 
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flystem/Cost  Effectiveness  Notebook 
Harkins,  James  A.  and  Paul  C.  Shemanski 

Griffiss  Air  Force  Bose,  Rome  Air  Development  Center,  1969,  2  Volume*, 
663  p.  RADO-TR-68-332.  AD  854  651  and  AD  856  652. 


Abstract!  "This  notebook  describee  techniques  by  which  the  cost  and 
of i'ect IvenaBB  of  modern-day  weapon  systems  may  be  evaluated.  It  is 
the  purpose  of  the  notebook  to  present  current  atate-of -the-art  of 
system/cost  effectiveness,  to  develop  proper  foundations  for  system/ 
cost  effectiveness  concepts  and  to  make  recommendations  pertinent 
to  the  future  technological  need?'  of  the  el  f erf  i von. ess  discipline. 

The  techniques  offered  are  based  on  the  results  of  general  studies 
In  the  areas  of  technical,  cot  I.  and  management  disciplines.  These 
studies  are  now  completed.  Th?  basic  foundations  for  systum/cost 
effectiveness  analyses  have  been  established,  validity  and  practica¬ 
bility  proven  and  overall  feasibility  demonstrated.  As  new  and 
improved  methods  are  developed  and  refined,  the  notebook  will  be 
updated. n 

I.  Introduction. 

II.  Kyctema  Analysis!  rnlej  objectives,  methodology)  modelsi  costsi 
typest  criteria i  risk  and  uncertainty)  limitations  and  cautions. 

III.  Management  and  the  Acquisition  Process*  phases)  organisation) 
plannlngi  programming)  budgeting)  procurement  planning  and 
impiamentat ion)  reporting  and  control. 

IV.  System  Bf f uc t i venues  Ana  1 y e l a  i  Steps)  special  topics. 

V.  the  Availability  Attribute!  factors)  computer  programs)  logistics 
models)  data  resource  and  information. 

VI.  The  Dependability  Atlributei  repair  of  failed  equipment! 
transition  matrix)  computer  programs)  device  level  programs) 
system  level  program). 

VII.  The  Capability  Attribute!  transfer  function)  capability 
rationale)  computer  programs, 

Vltl..  Cost  Analysis!  real  as  a  parameter)  system  costing. 

IX.  System  Effect ivenesn  Management!  morltor Ing  system  effect ivtneuR) 
definition)  select  inn  contract  definltioni  engineering  develop¬ 
ment)  product  ion i  o  ievai Ions, 

X.  Topics  in  Analysis)  decision  model  a i  risk  and  uncertainty) 
utility-value)  optimisation)  allocation. 

XI.  Mathematic*  of  Analysis!  probability!  statistics)  analysis  of 
variance)  design  ol  expev Imentat  matt  la  algehrei  calculus  of 
variation)!  difference  equaLion*)  alternative  methodologies. 

XU.  Techniques  in  Analysis!  mathematical  prugramnilngi  queuing 

theory)  game  theory,;  replacement  theory)  Inventory  theory)  graph 
Usury. 

Appendix  A.  Appll'uble  Mathematical  Technlquea. 

Appendix  II.  Glossary  ot  Definitions. 

Appendix  <1.  lUbliogruphy. 
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Systems  Analysis!  a  Computer  Approach  to  Decision  Models 
McMillan,  Claude  and  Richard  F.  Gonealee 

Homewood  (Illinois),  Richard  D.  Irwin,  1968,  520  p. 


A  computer  and  business  oriented  text,  but  showing  adaptations  of 
techniques  to  computers,  using  FORTRAN. 

I.  Systems  and  Models!  system  classification,  systems  analysis) 
models. 

II.  Simulation!  definition)  why  systems  simulation?)  methodology) 
simulation  and  decision  making. 

III.  Introduction  to  Programming. 

IV.  Value  Analysis  and  Iterative  Processes)  difference  equations) 
present  value,  annuities)  chain  of  machine  problem  and  optimum 
useful  Ilf o. 

V.  The  Inventory  System  under  Certainty. 

VI.  Probability  Conceptp)  probability)  events)  random  variables) 

Markov  Chain  processes)  random  numbers. 

VII.  The  Inventory  Syatem  under  Uncertainty  -  Discrete  Distribution. 

VIII.  Vhc  Inventory  System  under  Uncertainty  -  Continuous 
Distributions. 

IX.  binomial  and  Poisson  Processes  binomial)  polesoni  net 
exponential  distribution)  gamma  distribution. 

X.  basic  Queuing  Concepts. 

XI.  Process  Generator. 

XII.  Simulation  of  Queuing  Systems. 

X I I I .  Management  Planning  Models)  the  moving  average)  exponential 
amoothlng)  impulse  responsei  step  response!  tracking  signal i 
double  amoothlng. 

XIV.  Matrix  Methods!  Input  output  analysis)  matrix  inverter)  parts 
requirement)  linear  programming. 

XV.  Large-Scale  Simulation  Models  and  Methodologies. 

XVI.  Industrial  Dynamics. 

XVII.  A  Study  in  "Total'’  Systems  Simulation. 

XVI 1 1 .  Experimentation. 

Appendix  A.  Tables!  present  values)  approximation  »f  the  first 
integral  of  the  standard  normal  density  fourth  i  approximation  of 
the  second  integral  of  samei  areas  of  the  standard  normal  distribution 
Appendix  b.  Expected  StocK-out  during  Lead  Time)  A  Polynomial 
Approximation  of  Cumulative  probabilities  of  the  Standard  Normal 
Probability  Density  Function. 

Appendix  0.  Matrix  Operations. 

Index. 
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System*  Analysis  and  Cost  Effectiveness 
Letters  from  the  Office  of  the  Adjutant  General 

Washington,  Department  of  the  Army,  1964,  98  p. 

AD  450  411. 

"This  letter  is  intended  to  provide  to  all  Army  agencies  guidance  and' 
information  on  the  subjects  of  ayatems  analysis  and  cost  effectiveness. 
These  procedures  and  techniques,  if  properly  and  thoughtfully  used, 
can  materially  Assist  the  decision  maker." 

I.  Systems  Analysis  as  a  Part  of  the  Total  Management,  "roceas. 

II.  Systems  Analysis  -  An  Informal  Summary. 

Itl,  Some  Thoughts  on  Cost  Effectiveness  from  the  Army  Viewpoint. 

IV.  An  Example  of  a  Cost-Ef fectivenesa  Analysis  -  The  Analyst's 
Thoughts. 

V.  Summary  of  a  Recent  Military  Operations  Research  Symposium. 

VI.  Operations  Analysis  in  the  Department  of  Defense. 

VII.  Limited  Warfare)  Some  Possibilities  and  Pitfalls. 

VIII.  Systems  Analysis  and  Decision  Making. 

IX.  Costing  Strategy. 

X.  Coat/Ef f act ivenrss  -  Tool  oi  Club? 


System*  Analysis  and  Policy  Planning!  Applications  in  Defense 
Quade,  E.S.  and  W.I.  Boucher,  editors. 

Santa  Monica,  the  Rand  Corporation,  I960,  456  p. 

Rand  Mo.  H-439-PR  (Abridged).  AD  695  765. 

Prepared  for  the  United  States  Air  Force  Project.  Rand,  this  volume 
"attempts  to  demonstrate  that  systems  analysis  can  end  does  provide 
knowledge  that  decision-makers  need)  that  it  can  serve  to  sharpen 
intuit  i  on  |  that,  its  usefulness:.  Is  not  limited  solely  to  questions  of 
policy  and  planning  that  can  lie  quantified!  and,  most  important,  that 
whatever  Its  weaknesses,  it  produces  more  fruitful  results,  of  fat 
greater  consequence  and  reliability,  than  any  of  its  alternatives,  it 
is  intended  mote  as  a  sophisticated  guide  to  users  of  analysis  than  as 
a  manual  for  those  to  prepare  such  material.11 

I.  Introduction!  definition)  original  typesi  essence)  elements) 
current  status. 

II,  An  Introductory  Example  of  Systems  Analysis  (M.G.  Weiner). 

III,  Principles  and  Procedures  of  Systems  Analysis  (E.S.  Quade)i 
essence)  alternatives)  process  (formulation,  search,  evaluation, 
interpretation) . 

IV,  Criteria  and  the  Measurement  of  Effectiveness  (L.D.  Atfc«wav)t 
elements)  three  examples  (ovorspeeiftcation  of  criteria, 
maximising  effectiveness/cost,  dominance,  interceptors,  scale  of 
effectiveness,  suboptimisation,  aggregation,  criteria), 

V.  Uncertainty  (Albert  Madansky)t  probabilities)  utilities)  models) 
treatment  (time,  information,  flexibility,  a  fortiori  analysts, 
sensitivity  analysis). 

VT,  Technological  Considerations  (II.  RosantwHti) i  typos  of  decisions) 
technical  feasibility!  selection  of  best  technical  approach! 
comparison  with  competing  systems. 

VI.  Reeotirce  Analysis  (ft,  II.  Fisher)!  definitions  and  concepts) 
context  (time  hortson,  type  of  dec  U  ion,  scope  of  ,'he  problem), 

VI II,  Coat-Sensltlv  ll.y  Analysis!  An  Example  (P.L,  Petruochel  1  ) . 

IX.  The  B-mi  a  Hypothetical  Humber  Cost  Study  (W.E.  Mao*!. 

X,  The  Nature  of  Models  (H.l),  Specht)t  design  and  use)  types. 

XI.  Mathematical  Models  of  Conflict  (Melvin  Dresher)t  game  theory. 

XU,  Simulation  (Norman  C.  Pslkey)i  baaitsi  choice  of  techniques, 
pros  and  cons, 

V1U.  SAMSOMi  a  logistics  Simulation  (Chsuncey  F.  Bell). 

/(IV.  (laming  (M.tl,  Weioer)i  types,  requ i rerocnl  a |  haracterlatlcsi 
conditional  phases)  examples. 

XV,  The  Analysts  of  Force  Policy  and  Posture  Interactions  (Huger 
lev  ten)  i  role  of  analysis)  the  NAFF,  game. 

XVI.  Hceuarioa  (n  Nyuwmi  Analysis  (J.'eyom  Brown). 

XVII.  UH  Mpaco  Pollcyi  an  Example  of  Political  Analysis  (Alton  Frye). 
XV  1 1  l .  When  Quantitative  Models  are  Inadequate  (K.H,  Qua  tie  )t  role  of 

Judgsenti  utilising  experts  (contextual  map,  operational  g:ame, 
Dal pi i  technique). 
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XIX.  Pitfall*  and  Limitation*  (E.S.  Quade)i  common  fallacies, 
limitation*. 

XX.  The  Changing  Environment  for  Systems  Analysis  (James  R.  Schlosinger) . 

XXI.  the  Trade-Off  Study  Revisited  (L.H.  Wegner). 

XXII.  By  Way  of  Summary)  precepts  for  the  analyst)  principles  of  good 
analysis!  the  decision-maker)  dangers  of  analysis)  iuture  of 
analysis. 

Selected  Bibliography. 

Bibliographic  Note. 

Index. 
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Systems  Analysis  for  Effective  Planning t  Principles  and  Cases 
Rudwlck,  Bernard  H. 

New  York,  John  Wiley  &  Sons,  1969,  469  p. 


"Although  much  has  bean  written  on  the  philosophical  and  intellectual 
level  regarding  the  naed  for  systems  analysis  or  cost-effectiveness 
analysis  aa  part  of  the  systems  planning  process,  there  has  been  a 
lack  of  unclassified  methodological  material  which  slowed  explicitly 
how  to  atta.-t  complex,  unstructured  problems  Involving  rhe  Ice  among 
system  alternatives.  This  look  is  about  the  application  ol  systematic, 
quantitative  methods  and  techniques  to  the  task  of  planning."  Part  It 
systems  planning  and  the  decision ‘making  process  (chapter©  1-3) ) 

Part  2t  foundations  of  systems  analysis  (chuol  or  4}|  Part  3t  an 
illustrative  examplui  mission  oriented  systems  analysis  (chapters  3-H ) i 
Part  principles  of  resource  analysis  (chapter  9)j  Part;  5t 
subsystems  planning  (chapters  10*  13);  "art  6:  the  role  of  analysis  in 
uouren  selection  (chauf.e*\i  14,  If;  ■  Part  1>  conclusions  (chapter  16), 

I.  Introduction  and  Overview. 

II.  The  Work  Prune*.*  fev  Systems  Planning)  background)  the  work 
process)  rnqtlieU  ekillm  summary, 

III.  Systems  Analysts  as  Part  of  the  Management  Process)  uystems 
nl  aiming  •  ml  budget  ing  In  IXlt))  the  Improved  DOIJ  nunuigemont 
information  system. 

1 . ,  Developing  the  Systems  Analysis  Procedure)  basic  terminology i 
factors  involved)  objectives)  Interrelationship  of  model*)  cost, 
model)  criteria  for  system  selection. 

V.  The  Strategic  Force  Planning  Case)  Qualitative  Aspect*. 

VI.  Developing  Quantitative  Relationship*. 

VII.  Model  Kxerrlsr, 

V m ,  Coping  with  Pm  at  ta  int  lea, 

IX.  Resource  Analyal-i  problem©  involved  In  estimating  costa  ol' 

required  resource*)  units  of  cottsi  development  of  key  principles 
of  cost  anal y a t & t  coping  with  uncertainty;  coating)  CRR»)  coat 
netis  1 1.  iv  1 1  y  ana !  ya  t  a . 

K.  System  Selection)  Hairnet. 

XI.  Rctialylng  an  Uncertain  IDimuml.'  Spare  Part#  Managemur I.  Planning 
Case  Del  ortulothg  the  (.'a par  i t. y  of  a  Bridge. 

Xil,  The  1  nlormnt  Ion  Ryntenu.  I’lannlngi  The  Strategic  Force  Management 
Hyalite  Oase, 

XI II.  lui  vaapatem  Traciaoifat  (Sui  dance  and  Control  System  Selection 

(,«»» . 

XIV.  Heating  with  .lob  llncert*  l.itieai  Electronic  Data  I'nueusing 
•lysiefliB  Selection  f.ase. 

XV.  Dealing  with  Development  Uncart  .tint  lea, 

XVI.  Concluding  Homaika, 

Ap)w  lull  <  1,  Nntex  on  Probability  and  Sta  1 1  at  tea . 

Appam.ii>.  2,  Notlree  Select  lout  Evaluat  ion  Criteria  to  be  Employed, 
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Th**,  Systems  Approach  and  Public  Palin/ 
tyjade,  E.  S, 

Santa  Monica ,  The  Rand  Corporation,  1969,  29  p. 

Wand  No.  P-405J.  AD  6«3  126. 

An  assay  on  the  ucod  for  enlarging  the  concept  of  what  constitutes 
acceptable  analysis  and  uueking  waya  to  adapt  it  to  a  new  decision* 
making  environment,  and  the  need  for  public  officials  to  provide 
status  and  support  for  the  systems  approach. 

The  Nature  of  the  Kyat emu  Approach. 

An  Enlarged  Concept  of  Nodal. 

Adaptation  of  the  .VnalysiB  to  tha  Environment. 

Analysis  must  te  Given  Recognition. 

A  Stong  Analytic  Capability  Must  be  Supported. 

In  Conr.iusloti. 

R«f eroncea. 
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Systems  Effectiveness 
Systems  Effectiveness  Branch 

Washington,  Office  of  Naval  Material,  1965,  165  p. 


A  collection  of  papers  reflecting  the  attitude  and  philosophy  of  the 
Chief  of  Naval  Material  towards  various  aspects  ot  systems  effective¬ 
ness.  "It  also  provides  a  discussion  of  the  planning,  design  and 
cost  considerations  in  system  development,  as  vrell  as  some  techniques 
now  being  utilised  in  order  to  realize  the  development  of  effective 
systems." 

Future  Navy  Weapons  and  Support  Systems  (VADM  W.A.  Schoech). 
Analytical  Techniques  in  System  Design  (Leroy  P.oseti) . 

Reliability  end  Maintainability  Considerations  in  Syatem  Design 
(Paul  J.  Giordano). 

Engineering  Integration  in  System  Design  (William  D.  Rohe). 

Planning  Integration  In  System  Design  (LCDR  Gordon  H.  Jayne). 

Cost  Factors  in  System  Design  (John  W,  Stnne). 

Mnn  Parameters  in  System  Support  (CDR  Keith  N.  Sargent). 

The  Kay  to  Development  Pay-Off  (RADII  E.A,  Ruckuer). 

System  Effectiveness  Assurance  Management  (Dr.  Leslie  W.  Ball). 
Systems  Effectiveness  -  A  Tool  for  Appraisal  (CDR  Keith  N,  Sargent). 
Systems  Effectiveness  -  Navy  tiDR  K^ith  N,  Sargent). 
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Techniques  of  Systems  Analysis 
Kahn,  Herman  and  Irwin  Mann 


Santa  Monica,  The  Rand  Corporation,  1957,  161  p. 
Rand  Memorandum  RM- 1829-1,  AD  133  012, 


|  Preliminary  draft  of  Part  1  of  a  book  (Military  Planning  in  an  Uncertain 

j.  World ) ,  this  memorandum  includes  the  first  five  chapters  and  covers 

}  some  of  the  contributions  that  systems  analysis  and  operations  research 

v  can  make  to  military  planning. 


Introduction. 

The  Problem:  design  of  the  offense;  probabilistic  considerations;  design 
of  the  defense;  the  two-sided  war. 

I.  Designing  the  Offense:  models;  area  defense  models;  local  defense 
model;  airfield  model;  tactico;  specializing  and  simplifying  the  model; 
expected-value  models;  nemerical  calculation  of  an  allocation;  insen¬ 
sitivity  by  design;  optimal  allocation  and  performance;  the  central 
problem;  elementary  economics. 

II.  Probabilistic  Considerations:  qualitative  discussion  of  accuracy;  pro¬ 
babilistic  model ;  the  monte  carlo  technique;  simulating  the  area  defense; 
the  monte  carlo  calculation;  analysis  of  a  fixed  budget;  results  of 
probabilistic  calculations;  deferred  decision  operation;  modelism;  pro¬ 
babilistic  objectives;  deterrence  vs.  win  the  war;  requirements  for 
these  objectives;  sample  calculation;  performance  under  deterrence  objec¬ 
tive;  performance  under  other  objectives;  high  and  low  confidence  mea¬ 
sures;  expected -value  vs,  probabilistic  calculations, 

III.  Designing  the  Defense:  bias  for  the  offense;  general  considerations; 
the  parametric  defense  model;  optimal  allocation  of  a  fixed  budget; 
maximizing  procedures  in  general;  contingency  planning;  uncertainty 

in  objectives;  uncertainty  in  costs;  context  uncertainties;  some  inpor- 
tant  contingencies  (magnitude  and  type  of  attack;  degradation  of  our 
performance;  variation  in  enemy's  performance;  chance  factors;  strategic 
and  political  changes;  technological  progress);  simulating  different 
contingencies;  non-contingency  planning;  contingency  analysis;  contingency 
design;  soft  spots  and  time  phasing. 

IV.  Thu  Two-Sided  War;  osymmeLrics  (technological  akUl;  military  skill; 
allies;  geography;  resources;  intelligence);  objectives  -  two  kindn  of 
deterrence;  both  sides  with  fixed  military  budgets;  the  approximations; 
the  two-sided  calculation. 

V.  Evaluation  and  Criticism:  analysis  omits  (research,  development,  procurement, 
operations;  scale  and  detail;  mixed  forces;  unconventional  tactics:  lima 
phasing;  re-examination  stage;  unsettled  questions,  convincing  compari¬ 
son  of  alternatives). 

Appendix  1,  Graphs  of  Partial  Sums  of  the  Binomial  Distribution. 

Appendix  2,  The  Mathematical  Model. 

Appendix  3,  Summary  of  Ideas. 
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Ten  Common  Pitfalls  ■ 

Kahn,  Herman  and  Irwin  Mann 

9anta  Monica,  The  Rand  Corporation,  1957,  55  p. 

Rand  Memorandum  RM-19.37. 

A  preliminary  draft  of  a  report  tp  be  included  in  a  bonk  (Military  Planning 
in  an  Uncertain  World),  this  memorandum  identifies  and  discusses  some  of 
the  common  mistakes  made  in  operations  and  systems  analyses. 

Introduction,  ■ 

I.  Model  ism. 

II.  Statistical  Uncertainly. 

III.  Real  Uncertainty.  ^ 

IV.  Enemy  Reaction. 

V.  Over-Concentration. 

VI.  Phasing. 

VII.  Over-Ambition,  i  ( 

VIII.  Fanaticism. 

IX.  Hermitism. 

X.  Butch. 
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Theory  of  Games  and  Economic  Behavior 
Von  Neumann,  John  and  Oskar  Morgen  stern 

Princeton,  Princeton  University  Press,  1933,  641  p. 


I.  Formulation  of  the  Economic  Problem!  the  mathematical  method  in 
economics)  qualitative  discussion  of  the  problem  of  rational 
behavior;  the  notion  of  utility;  structure  of  the  theory. 

II.  General  Formal  Description  of  Gam?*;  of  SLiategy:  introduction; 
the  simplified  concept;  of  a  game;  the  complete  concept  of  a 
game;  sets  and  partitions;  the  set-theoretical  description  of 

a  game;  axiomatic  formulation;  strategies  and  the  final 
simplification  of  the  description  of  a  game. 

III.  Zero-Sum  Two-Person  Games  -  Theory;  preliminary  survey; 
functional  calculus;  strictly  determined  games;  games  with 
perfect  information;  linearity  and  convexity;  mixed  strategies  - 
the  solution  for  all  games. 

IV.  Zero-Sum  Two-Person  Games  -  Examples. 

V.  Zero-Sum  Three-Peraon  Games;  preliminary  survey;  the  simple 
majority  game  of  three  persons;  the  general  case;  discussion  of 
an  objection. 

VI.  Formulation  of  the  General  Theory  -  Zero-Sum  n-Person  Carnes; 

the  characteristic  function;  construction  of  a  game  with  a  given 
characteristic  function;  strategic  equivalence,  inessential  and 
essential  games;  groups,  symmetry  and  fairness;  the  exact  form 
of  the  general  definitions;  first  consequences;  determination  of 
all  solutions  of  the  essential  sero-sum  three-person  game. 

VII.  Zero-Sum  Four-Person  Games:  discussion  of  some  special  point s 
In  the  cube  Q;  discussion  of  the  main  diagonals;  tho  center  and 
Its  environs;  a  family  of  solutions  for  a  neighborhood  of  the 
center. 

VIII.  Some  Remarks  Concerning  n  -  3  participants:  the  number  of 
parameters  in  various  classes  of  games;  the  symmetric  five 
person  game. 

IX.  Composition  and  Decomposition  of  Games:  modification  of  the 
theory;  the  decomposition  partition;  decomposable  games; 
limitations  of  the  excess;  determination  of  all  solutions  of  a 
decomposable  game;  the  essential  three-person  game  in  the  new 
theory. 

X.  Simple  Games;  winning  and  losing  coalittohs  and  games  where  they 
occur;  characterisation;  majority  games;  methods  for  enumeration; 
simple  games  for  small  n;  determination  of  all  solutions  in 
suitable  games. 

XI.  General  Non-Zero-Sum  Games:  extension  of  tho  theory;  the 
characteristic  function  and  related  topics;  Interpretation  of 
the  characteristic  function;  the  solutions  of  nil  general  games 
with  n  «=-  3;  economic  interpretation  of  the  results  for  n  -  1,  2; 
economic  interpretation  of  the  results  for  n  3;  economic 
interpretation  of  the  results  for  n  3;  the  general  market. 


193 


I 


XII.  Extension  of  the  Concepts  of  Domination  and  Solution)  the 
extension*  special  cases)  generalisation  of  the  concept  of 
utility)  discussion  of  an  example, 

Appendix.  The  Axiomatic  Treatment  of  Utility. 

Index  of  fi^ureo. 

Index  of  Namer, 

Index  of  Subjects. 
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The  Use  of  Classical  Statistics  in  Deriving  and  Evaluating  CERa 
Graver,  Charles 

Washington,  Office  of  the  Assistant  Secretary  of  Defense  (Systems 
Analysis),  1966,  34  p. 

TP  66-8.  AD  659  323. 

A  discussion  of  "some  0f  the  commonly  used  statistics  and  the 
differences  between  common  interval  estimates”  and  of  the  "applica¬ 
bility  of  the  usual  Interpretation  of  these  statistics  and  interval 
estimates  in  cost  analysis  and  of  the  possible  meanings  that  might 
be  attached  to  them  even  if  statistical  assumptions  ace  not,  fully 
satisfied."  Specific  topical  (1)  assumptions  of  the  multiple  linear 
regression  model  and  hew  well  they  are  fulfilled  in  the  cost  analysis 
application)  (2)  least-squares  estimators  as  "best"  estimators) 

(3)  properties  of  some  commonly  used  statistics  from  a  geometrical 
point  of  view)  (4)  differences  in  commonly  used  interval  estimates. 

Introduction. 

The  Model. 

The  Selection  of  a  Criterion  of  "Best". 

Commonly  Used  Statistics. 

Interval  Estimates. 

Conclusion. 
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Thu  Utilisation  of  Military  Resources 
Smith,  T,  Arthur  and  Ogden  0.  Allebrook 

Washington,  Department  of  the  Army,  1967,  243  p. 
AD  824  660. 


The  purpose  of  this  book  is  ''to  promote  across  to  information 
generated  at  Department  of  the  Army  and  at  Army  installations 
everywhere  ....  Take  note  especially  of  the  two  categories  into 
which  these  art  idea  might  fall.  These  ar  k  tho  categories  of  Idea 
and  Ktion.  Although  the  separation  of  one  from  another  cannot 
always  he  based  on  the  criterion  of  'in  the  present1  or  'in  the 
future,'  this  separation  should  be  uytiful  as  a  first,  personnel 
orientation  in  the  Armv  cort  research  program, t 

Introduction  (T,  Arthur  Smith  &  Ogden  0,  Allshtook). 

The  Utiliaatlon  of  Military  Resources  (T.  Arthur  Smith), 
trmy  Operating  Costs  (Saul  Hoch), 

The  Resource  Management  System  and  Operating  Cost  Data  (John  Wallace). 
The  Army  Cost  Handbook  (Donald  Olllles). 

The  Impact  of  Electronic  Maintenance  Costs  un  Life  Cycle  Costs  (Joseph 
L.  Townsend  6>  Amelia  C.  Yetman). 

Analysis  of  Combat  Vnhlcle  Operating  and  Maintenance  Costs  (Anne  Rhode 
&  William  T.  Towles). 

Army  Equipment  Operations  Costs  (John  O' Flaherty  <*  Richard  O'Rorke). 
United  States  Army  Field  Operating  Coat  Agency  (Leslie  R.  Sears,  Jr,). 
Airmobile  and  Infantry  Division  Cost:  of  Operations  in  Vietnam 
(Joseph  W.  Noah). 

Criteria,  Analysis,  and  Techniques  for  Estimation  of  Operating  ami 
Maintenance  Resources  (John  Ci,  Phil  Ups). 

The  Army  Division  Cost  Model  (Paul  Curd), 

The  Military  Manpower  Cost  Modal  (Sidney  Kaplan). 

Military  Personnel  Program  and  budget  Costing  (George  H.  Easley), 
file  Costs  of  Army  Training  (Donald  H.  St  rope). 


Weapon/Support  Systems  Coat  Categories  and  Elements 
Headquarters,  Department  elf  the  Army 

Washington,  Department  of  the  Army,  1968,  20  p. 

AR  37-18. 

This  regulation  establishes  a  set  of  coat  eategoriee  and  elements  to 
be  used  by  weapon/aupport  systems'  coat  analysis  activities  of  the 
Department  of  the  Army  staff  agencies  and  commands. 

1.  Purpose. 

IT.  Objective. 

III.  References. 

IV.  Definitions. 

V.  General. 

VI.  Programming,  budgeting,  and  Accounting  Systems. 

VII.  functional  Work  Araas. 

VIII.  Exceptions. 

IX.  Weapon/Support  Systems  Cost  Categories  and  Elements. 

X.  Cost  Element  Definitions. 

Appendix.  Work  Breakdown  Structure. 
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Weapon  System  Cost  Analysis 
Fisher*  G,H, 

Santa  Monica*  the  Rand  Corporation,  1956,  20  p. 

Rand  Nc.  P-B23. 

I,  Introduction, 

II, .  Estimating  Weapon  System  Goat)  the  total  activity  coat  concept) 

distinction  between  Investment  and  annual  operating  cost) 
Incremental  Investment  costing)  time  phasing  of  expenditures) 
system  coat  components!  consistency  in  coating  method, 

III,  Application  to  Long  Ranga  Military  Planning. 

Appendix.  Figure*. 
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Weapon  System  Cost  Methodology 
Novick,  David 

Santa  hw'  tea,  Tie  Rand  Corporation ,  1956,  52  p. 

Rand  No.  R-287. 

Summary!  "A  method  is  described  for  estimating  the  costs  of  existing 
and  hypothetical  weapon  ty stems  of  the  United  States  Air  force.  It  is 
intended  to  be  a  quick  and  flexible  means  of  establishing  approximate 
resource  and  cost  requirements,  and  it  provides  a  basis  for  evaluating 
alternative  systems  in  terms  of  boLli  cost  of  a  given  capability  and 
capability  obtainable  f-jr  a  fixed  cost.  The  method  is  also  uselul  for 
military  planning,  programming,  and  budgeting  activit ies. » 

Summary. 

I.  Introduction!  weapon  system  cost  analysis!  the  role  of  cost 
estimates  in  systems  analysis. 

II.  Hand  Techniques  for  Computing  Air  force  Weapon  System  Costs! 
objectives  (identifying  system  cost  elements)  accumulating  total 
cost)  the  distinction  between  investment  and  annual  operating 
expenditures) |  present  application. 

III.  Description  of  Rand  Methodology!  investment  cost  categories 
(installations,  equipment,  stocks,  transportation,  personnel, 
intermediate  command  cost  and  support  major  command  cnst)| 
annual  operating  cost  categories  (installations  maintenance! 
equipment  -  annual  replacement!  transportation!  personnel) 
maintenance)  petroleum,  oil,  and  lubricants!  services  and 
miscellaneous!  Intermediate  command  cost|  support  major  comtiand 
cost) . 

Appendix.  Worksheets!  manpower  requirements  summary)  installations! 
primary  mission  equipment  summery!  organisational  equipment  summary) 
ntocks  *  Initial  stock  level)  stocks  -  readiness  reserve)  stocks  «* 
aircraft  spares  and  spare  parte)  transports) ioni  personnel  tralnlngi 
personnel  pay  and  allowances)  personnel  travel)  maintenance  -  mission 
aircraft)  maintenance  -  support  aircraft)  POL  -  mission  aircraft) 

POL  -  support  aircraft  i  POL  -  miscellaneous!  services  and  sis- 
cellaneous)  intermediate  commands |  support  major  command  rest. 
References. 
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The  Weapons  Acquisition  Process:  An  Economic  Analysis 
Peck,  Merton  J.;  Frederic  M.  Scherer 

Boston,  Harvard  University  Graduate  School  of  Business  Administration, 
1962,  736  p. 


Governraent/business  relationships  of  weapons  acquisition  activities 
and  their  effects  of  quality,  time,  cost,  and  value  outcomes  of 
weapons  programs.  Research  based  on  case  histories  of  12  weapon 
system  developments.  Part  1:  the  nature  of  the  process  (chapters 
1-3);  Part  2:  the  structure  and  dynamics  of  the  weapons  industry 
(chapters  4-7);  Part  3:  the  execution  of  weapons  program  (chapters 
8-20). 

I.  Introduction. 

II.  The  Unique  Environment  of  Uncertainty  in  Weapons  Acquisition: 
the  predictability  of  time,  quality,  and  cost;  internal 
uncertainties  and  technological  character;  external  uncertainties; 
risk,  lead  time,  and  project  cost. 

III.  The  Nonmarket  Character  of  the  Weapons  Acquisition  Process. 

IV.  The  Government  as  Buyer. 

V.  The  American  Weapons  Makers:  over-all  statistics;  categories; 
small  businesses  as  prime  contractors;  interbusiness  transactions. 

VI.  The  Factors  of  Production:  importance;  supply  of  capital  and 
facilities;  supply  of  technical  personnel;  economies  of  scale. 

VII.  Entry  into  and  Exit  from  the  Weapons  Industry:  record;  barriers; 
incentives. 

VIII.  Innovation  and  the  Choice  of  Weapons:  program  decision, 
innovation,  institutional  framework. 

IX.  The  Structure  of  Weapon  System  Program  Decisions:  basic  elements; 
possibilities  of  choice;  problem  of  choice. 

X.  Buyer  Preferences  in  Weapons  Programs. 

XI.  Uncertainty  and  Time  in  Program  Decisions. 

XII.  Competition  for  Weapons  Program  Participation. 

XIII.  The  Criteria  for  Contractor  Selection. 

XIV.  The  Selection  of  Subcontractors. 

XV.  Contractor  Efforts  in  the  Competition  for  New  Programs. 

XVI.  The  Conduct  of  Weapons  Development  Programs:  time,  quality, 
and  cost  effectiveness;  time,  cost,  and  quality  variances. 

XVII.  The  Optimal  Conduct  of  Weapons  Programs:  end  product;  R&D 
approach;  allocation  of  contractor  talent. 

XVIII.  The  Efficient  Conduct  of  Weapons  Programs. 

XIX.  The  Evaluation  of  Weapons  Program  Performance. 

XX.  In  Conclusion. 

Appendix  5.  Statistical  Appendix. 

Appendix  7.  Small  Business  in  Weapons  Research  and  Development 
Appendix  9A.  The  Construction  of  Military  Value  Functions. 

Appendix  9B.  Numerical  Data  -  Defender  Nation  Assumption. 
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Appandi*  Li(»  Oat*  on  this  99  Programs. 

Appandlx  19.  Taehnk.*t  Notn*  on  tha  Evaluation  Baperimane. 
Appendix  19B»  Iha  Program  bv<tiu«hion  Experiment  Qunst iminalr o. 
Salacted  Bibliography. 
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What  ia  Redource  Analysis? 

Risher,  1.  H. 

Brnta  Monica,  The  Rand  Corporation,  196.1 ,  14  p. 

Rend  No.  P-26S8,  AD  2*H  994. 

I.  Introduction. 

II.  Context:  t.t"‘e  hovtuoni  decision  context |  scope  of  the  problem. 

III.  Impact  of  Context  on  Concepts,  Methods  and  Techniques  Used  tn 
Resource  Analysis. 

IV.  Summary  Remarks. 
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